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(57)Abstract: 

PROBLEM TO BE SOLVED: To provide a silica gel capable of precisely controlling 
physical properties such as pore diameter, capable of designing an ionic conductor while 
making good use of these physical properties, having a large pore volume and suitably 
usable as a carrier of an ionic conductor into which an adequate amount of an ionic 
conductive compound can be incorporated. 

SOLUTION: The silica gel has (a) 0.3-3.0 ml/g pore volume, (b) 200-1,000 m2/g specific 
surface area and (c) less than 20 nm maximum diameter (Dmax) of pores, (b) it is 
amorphous, and (e) when chemical shift of Q4 peak in solid Si-NMR is represented by 6 
(ppm), 5 satisfies the expression -0.0705x(Dmax)-110.36>5. 
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JPO and NCIPI are not responsible for any 
damages caused by the use of this translation. 

1. This document has been translated by computer. So the translation may not reflect the 
original precisely. 

2 **** s hows the word which can not be translated. 
3. In the drawings, any words are not translated. 



CLAIMS 



[Claim(s)] 
[Claim 1] 

It is the silica gel used for an ion conductor, 

(a) Pore volume is 0.3 or more ml/g 3.0 or less ml/g, v 

(b) Specific surface area is below 1000m2/g more than 200m2/g, 

(c) The most frequent diameter (Dmax) of pore is less than 20nm, 

(d) an amorphous substance ■- it is - and 

(e) When the chemical shift of Q4 peak in solid-state SrNMR is set to delta (ppm), delta is 
the following formula (I). 

- 0.0705x(Dmax)-110.36>delta ... Formula (I) 
It is satisfied. 

Silica gel for ion conductors characterized by things. 
[Claim 2] 

Silica gel for ion conductors according to claim 1 characterized by the total content of a 
metal impurity being 500 ppm or less. 
[Claim 3] 

Silica gel for ion conductors according to claim 1 or 2 characterized by the value of Q4/Q3 
peak in solid-state Si-NMR measurement being 1.3 or more. 
[Claim 4] 

Silica gel for ion conductors given in any 1 term of claims 1-3 to which differential pore 
volume in the most frequent diameter (Dmax) is characterized by 2 or more ml/g being 20 
or less ml/g. 
[Claim 5] 

Silica gel for ion conductors given in any 1 term of claims 1-4 to which the total volume of 
the pore in within the limits whose diameter is Dmax**20% is characterized by being 20% 
or more of the total volume of all pores. 
[Claim 6] 

Silica gel for ion conductors given in any 1 term of claims 1-5 characterized by being 
manufactured through the process which hydrolyzes a silicon alkoxide. 
[Claim 7] 

The ion conductor characterized by the ion conductivity compound or constituent 
containing in the silica gel for ion conductors given in any 1 term of claims 1-6. 
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[Claim 8] 

The ion conductor according to claim 7 characterized by the compound or constituent of 
proton conductivity containing as ion conductivity aforementioned compound or 
aforementioned constituent. 
[Claim 9] 

The ion conductor according to claim 7 characterized by the compound or constituent of 
lithium ion conductivity containing as ion conductivity aforementioned compound or 
aforementioned constituent. 
[Claim 10] 

The ion conductor according to claim 9 with which the aforementioned compound or 
aforementioned constituent of lithium ion conductivity is characterized by being a 
polyether compound. 
[Claim 11] 

The ion conductor according to claim 9 characterized by having the shape of the shape of 
film, the shape of a film, and a sheet. 
[Claim 12] 

The fuel cell characterized by said electrolyte being an ion conductor according to claim 7 
or 8 in the fuel cell possessing the electrolyte ****(ed) by the fuel electrode, the oxidation 
pole, and said fuel electrode and said oxidation pole. 
[Claim 13] 

The rechargeable lithium-ion battery characterized by said electrolyte being an ion 
conductor according to claim 9 or 10 in the rechargeable lithium-ion battery possessing the 
separator which maintains at a non-contact condition the electrolyte ****(ed) by the 
positive electrode, the negative electrode, and said positive electrode and said negative 
electrode, and said positive electrode and said negative electrode. 



DETAILED DESCRIPTION 



[Detailed Description of the Invention] 
[0001] 

[Field of the Invention] 

This invention relates to the fuel cell and rechargeable lithium-ion battery using an ion 
conductor further about the silica gel used as support of the ion conductivity matter, and 
the ion conductor which made the ion conductivity matter support in the pore. 
[0002] 

[Description of the Prior Art] 

The ion conductor is used as an electrolyte used for electrochemical devices, such as 
electrolytes, such as rechargeable batteries, such as a fuel cell and Li cell (lithium cell), 
and an air cell, and water electrolysis, halide acid electrolysis, brine electrolysis, an oxygen 
enricher, a humidity sensor, a gas sensor. 
[0003] 
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The resultant is only water theoretically and the fuel cell represented by the 
hydrogen-oxygen fuel cell is known as a generation-of-electrical-energy system which does 
not almost have a bad influence to earth environment. Research in recent years progresses, 
high density and the high power of the solid-state polyelectrolyte form fuel cell especially 
using perfluoro sulfonic acid type cation exchange resin are becoming possible, and the 
utilization as the power sources for mount and home power sources, such as an automobile, 
and also a power source for pocket devices is expected very much. 
[0004] 

As an electrolyte plate used for the fuel cell using a solid-state polyelectrolyte, proton 
conductivity ion exchange resin with a thickness of 50-200 micrometers is usually used. 
The ion exchange membrane which consists of a perfluorocarbon polymer which has a 
sulfonic group especially is widely studied from excelling in the basic property. However, 
since the fault that this ion exchange membrane has the inadequate endurance in a high 
temperature service, and a fluorine system electrolyte are difficult to manufacture, they 
have the fault of being very expensive. 
[0005] 

Then, it excels in the endurance in an elevated temperature, and research of a cheaper 
inorganic system proton conductor and the proton conductor which used silica gel 
especially is also prosperous. 
[0006] 

In such a proton conductor using silica gel, the physical properties of silica gels, such as the 
pore structure, influence the engine performance of a proton conductor greatly, however, 
the proton conduction which has sufficient engine performance for practical use of a fuel 
cell - the silica gel of the body and its function is not yet developed. 
[0007] 

For example, using for J.Non- Crystalline Solid, the 290th volume, and the 93rd term 
(2001) the silica xerogel prepared with the sol gel process as a proton conductor is indicated. 
However, by this reference, although there is a publication about the relation between the 
structure of silica xerogel and the magnitude of proton conductivity, silica xerogel given 
[ this ] in reference does not have the controlled pore structure. Moreover, proton 
conductivity is also inadequate level practical. 
[0008] 

Moreover, the example of the proton conductor which doped proton acid, such as a 
phosphoric acid, to the amorphous silica is shown in Electrochem.Solid-State Letters, the 
1st volume, and the 210th term (1998). However, by this reference, there is no publication 
about the pore structure of silica gel and correlation of a proton conductor. 
[0009] 

Furthermore, there is an example of the proton conductor which doped protonic acids, such 
as a phosphoric acid, to the meso porous silica gel which prepared the surfactant as a 
structure base material (template) in J.Am.Ceram.Soc, the 83rd volume, and the 3004th 
term (2000). However, mixing of the impurity of the structure base material origin is not 



3/24 



Japanese Publication number : 2004*002114 A 



avoided by the meso porous silica gel prepared by this approach. It is thought that this 
impurity adsorbs strongly the proton which conducts the proton conduction inside of the 
body, and does the serious bad influence for the engine performance of a proton conductor 
according to an operation of checking conduction. 
[0010] 

Thus, since the design of an ion conductor in which precise control of a pole diameter etc. 
was not completed, but the physical properties of silica gel were employed efficiently was 
difficult for the silica gel for ion conductors used with the conventional technique, its 
engine performance of the ion conductor obtained was low, and that quality was also 
unstable. Moreover, pore volume was small generally, and since the amount of the ion 
conductivity compound which can be supported in pore will be restricted, it was difficult 
[ it ] to obtain the ion conductor which has ionic conductivity with sufficient high extent 
practical. 
[0011] 

[Problem(s) to be Solved by the Invention] 

While the design of an ion conductor in which physical properties, such as a pole diameter, 
could be controlled to the precision, and these physical properties were efficiently 
employed from the above reason was possible, offer of the silica gel which can be suitably 
used as support of an ion conductor with large pore volume and possible making sufficient 
quantity of an ion conductivity compound contain was desired strongly. 
[0012] 

This invention is made in view of an above-mentioned technical problem. Namely, while 
the design of an ion conductor in which physical properties, such as a pole diameter, could 
be controlled to the precision, and these physical properties were employed efficiently is 
possible for the purpose of this invention The silica gel which can be suitably used as 
support [ pore volume is large and ] of an ion conductor which can support sufficient 
quantity of an ion conductivity compound is offered, excelling also in endurance and 
providing it with an ion conductor longer lasting than before, while using this silica gel for 
a list and having ionic conductivity with sufficient high extent in it practical - further It 
consists in offering the fuel cell and rechargeable lithium-ion battery of high performance 
using this ion conductor as an electrolyte. 
[0013] 

[Means for Solving the Problem] 

Then, as a result of inquiring wholeheartedly that the above-mentioned technical problem 
should be solved, while this invention persons have sharp pore distribution While purity is 
high, and structure is homogeneous and the ion conductor with which ionic conductivity 
higher than before is obtained by using silica gel with little distortion as silica gel for ion 
conductors is obtained By using such an ion conductor as an electrolyte, the fuel cell and 
rechargeable lithium-ion battery of high performance are obtained conventionally, and it 
came to complete a header and this invention for the above-mentioned technical problem 
being solved effectively. 
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[0014] 

Namely, the summary of this invention is silica gel used for an ion conductor, (a) Pore 
volume is 0.3 or more ml/g 3.0 or less ml/g, and (b) specific surface area is below 1000m2/g 
more than 200m2/g. (c) - the most frequent diameter (Dmax) of pore - less than 20nm - it 
is - (d) - the case where it is amorphous and the chemical shift of Q4 peak in (e) solid-state 
Si-NMR is set to delta (ppm) delta -- the following type (I) 
- 0.0705x(Dmax)-110.36>delta ... Formula (I) 

It consists in the ion conductor characterized by supporting the ion conductivity compound 
or constituent in the pore of the silica gel for ion conductors characterized by being 
satisfied, and this silica gel for ion conductors. 
[0015] 

Moreover, another summary of this invention is set to the fuel cell possessing the 
electrolyte ****(ed) by the fuel electrode, the oxidation pole, and said fuel electrode and 
said oxidation pole. In the fuel cell and list which are characterized by said electrolyte 
being said ion conductor, a positive electrode, In the rechargeable lithium-ion battery 
possessing the separator which maintains a negative electrode, and said positive electrode 
and said negative electrode at non-contact, and the electrolyte ****(ed) by said positive 
electrode and said negative electrode, it consists in the rechargeable lithium-ion battery 
characterized by said electrolyte being said ion conductor. 
[0016] 

[Embodiment of the Invention] 

Hereafter, this invention is explained to a detail. 

First, the silica gel for ion conductors of this invention sets to one of the descriptions to be 
in the range where pore volume and specific surface area are larger than the usual thing. 
Specifically, 2.5 or less ml/g of 0.5 or more ml/g of values of pore volume 0.3 or more ml/g 
usually exists in the range of 2.0 or less ml/g still more preferably preferably still more 
preferably 0.8ml [g ] /or more and 3.0 or less ml/g usually. Moreover, the value of specific 
surface area exists in the range below 800m2/g still more preferably below 900m2/g 
preferably still more preferably more than 300m2/g more than 200m2/[ of usual ] g more 
than 400m2/g and below 1000m2/[ of usual ] g. The value of such pore volume and specific 
surface area is measured with the BET adsorption method by nitrogen gas adsorption and 
desorption. 
[0017] 

Moreover, silica gel for ion conductors of this invention is characterized by the most 
frequent diameter (Dmax) of pore being 20nm or less. Affecting the property about 
adsorption and absorption of a gas or a liquid is known, and adsorption and absorptivity 
ability of the most frequent diameter (Dmax) are so high that the most frequent diameter 
(Dmax) is small. Therefore, the most frequent diameter (Dmax) is physical properties 
important for the silica gel for ion conductors in various properties. Although the desirable 
most frequent diameter (Dmax) of the silica gel for ion conductors of this invention is 
determined by balance with a catalyst component, they are 18nm or less and 16 morenm or 
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less especially. Moreover, although especially a minimum is not restricted, 2nm or more of 

3nm or more of usual is 4nm or more still more preferably preferably. 

[0018] 

in addition, BJH given in the isothermal desorption curve which measured the 
above-mentioned most frequent diameter (Dmax) by nitrogen gas adsorption and 
desorption to E.P.Barrett, L.G.Joyner, P.H.Haklenda, J.Amer.Chem.Soc, vol.73, and 373 
(1951) the pore distribution curve computed by law is plotted and it asks. Here, a pore 
distribution curve means the differential pore volume of differential nitrogen gas 
adsorption, i.e., the amount to pore diameter d (nm), (delta V/delta (logd)). The 
above-mentioned V expresses the nitrogen gas adsorption volume. 
[0019] 

furthermore, the total volume of the pore which the silica gel for ion conductors of this 
invention has in **20% of range focusing on the value of the above-mentioned most 
frequent diameter (Dmax) the total volume of all pores — it is usually preferably 
characterized by being 50% or more more preferably 30% or more 20% or more. It means 
that the diameter of the pore in which the silica gel for ion conductors of this invention has 
this has gathered in the pore near the most frequent diameter (Dmax). In addition, 
although there is especially no upper limit about the total volume of the pore in **20% of 
range of the value of the above-mentioned most frequent diameter (Dmax), it is usually 
90% or less of the total volume of all pores. 
[0020] 

in addition, this description — being related - the silica gel for ion conductors of this 
invention — above BJH - 5 or more ml/g and especially a thing [ especially 18 or less ml/g ] 
usually have differential pore volume delta V/delta (logd) desirable 20 or less ml/g in the 
most frequent diameter (Dmax) computed by law 2 or more ml/g. Here, in an upper type, d 
is a pore diameter (nm) and V is the nitrogen gas adsorption volume. That in which 
differential pore volume delta V/delta (logd) is contained in said range can be said to be 
what has very many absolute magnitude of the pore which has gathered near the most 
frequent diameter (Dmax). 
[0021] 

In addition, silica gel for ion conductors of this invention is characterized by amorphous for 
seeing the three-dimensional structure, i.e., not to accept crystalline structure. This means 
that a crystalline peak is not accepted substantially, when the silica gel for ion conductors 
of this invention is analyzed by the X diffraction. In addition, in this specification, 
crystalline silica gel points out what shows the peak of at least one crystal structure to the 
location which exceeded 6A (A Units d-spacing) with the X diffraction pattern. 
Noncrystalline silica gel is extremely excellent in productivity compared with crystalline 
silica gel. 
[0022] 

Moreover, the silica gel for ion conductors of this invention has the very low content of an 
impurity, and is characterized by being a high grade very much. 500 ppm or less of 100 
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ppm or less of 50 ppm or less of content of the sum total of the metallic element (metal 
impurity) belonging to the group which becomes the alkali metal and alkaline earth metal 
with which specifically affecting the physical properties in existing in silica gel is known, 
3A group of a periodic table, 4A group, and 5A group list from transition metals are usually 
30 ppm or less most preferably still more preferably. Thus, it is one of the big factors of 
being able to discover the property in which it was [ water resisting property / thermal 
resistance with the expensive silica gel for ion conductors of this invention, ] excellent that 
there is little effect of an impurity, and high ionic conductivity being obtained. 
[0023] 

Furthermore, silica gel for ion conductors of this invention is characterized by there being 
little distortion at the structure. Here, the value of a chemical shift of Q4 peak in 
solid-state Si-NMR measurement can express the structural distortion of silica gel. 
Hereafter, the relation of the structural distortion of silica gel and the value of a chemical 
shift of the Q4 aforementioned peak is explained in detail. 
[0024] 

Although the silica gel for ion conductors of this invention is the hydrate of an amorphous 
silicic acid and it is expressed with the rational formula of Si02 and nH20, structurally, O 
is combined with each top-most vertices of the tetrahedron of Si, Si combines with such O 
further, and it has the structure which spread in the shape of a network, and the repeat 
unit of Si-OSi-O setting - the member (for example, H --) of others [ O / a part of] - When 
there are some which are permuted by CH3 etc. and one Si is observed, They are four 
pieces as shown in the following formula (A). - They are three pieces as shown in Si (Q4) 
which has OSi, and the following formula (B). - Si (Q3) which has OSi exists (the 
above-mentioned tetrahedral structure is disregarded and the network structure of SiO is 
superficially expressed with the following formula (A) and (B)). And in solid-state Si-NMR 
measurement, the peak based on each above-mentioned Si is called in order Q4 peak, Q3 
peak, and .. 
[0025] 
[Formula 1] 
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[0026] 

For the silica gel for ion conductors of this invention, when the chemical shift of the Q4 
above-mentioned peak is set to delta (ppm), delta is the following formula (I). 
■ 0.0705x(Dmax)-110.36>delta ... Formula (I) 

It is characterized by being satisfied. Generally in the conventional silica gel, the value 
delta of a chemical shift of the Q4 above-mentioned peak becomes large rather than the 
value calculated based on the left part of the above-mentioned formula (I). Therefore, 
compared with the conventional silica gel, as for the silica gel for ion conductors of this 
invention, the chemical shift of Q4 peak will have a smaller value (value by the side of 
minus). This is exactly that the chemical shift of Q4 peak exists in a high magnetic field 
more in the silica gel for ion conductors of this invention, as a result is two pieces to Si. - It 
means that the bond angle expressed with OSi is more homogeneous, and there is more 
little structural distortion. 
[0027] 

In the silica gel for ion conductors of this invention, the chemical shift delta of Q4 peak is a 
value desirable and smaller 0.05% or more than the value computed based on the left part 
(-0.0705x(Dmax)- 110.36) of the above-mentioned formula (I), and is an especially desirable 
value small 0.15% or more 0.1% still more preferably. Usually, the minimum value of Q4 
peak of silica gel is -113 ppm. 
[0028] 

Although it is not necessarily clear about the outstanding thermal resistance or the 
outstanding water resisting property which the silica gel for ion conductors of this 
invention has, and the relation of the above structural distortion, it is presumed as follows. 
That is, in the above conditions with little [ structurally ] distortion, although silica gel 
consists of the aggregates of a spherical particle with which magnitude differs, since the 
advanced microstructure homogeneity of the whole spherical particle is maintained 
consequently, it is thought that the outstanding thermal resistance and the outstanding 
water resisting property are discovered. In addition, since the peak not more than Q3 has a 
limit in the breadth of the network structure of Si-O, the structural distortion of silica gel 
cannot appear easily. 
[0029] 

As for the silica gel for ion conductors of this invention, it is desirable that the value of 
Q4/Q3 according to solid-state Si-NMR measurement in relation to the above-mentioned 
description is usually 1.5 or more also in 1.3 or more. Here, Si (Q3) which three -OSi(s) 
combined with the value of Q4/Q3 in the repeat unit of the silica gel mentioned above is 
received. - The mole ratio of Si (Q4) which four OSi(s) combined is meant. It is known that 
the thermal stability of silica gel is generally so high that this value is high, and it turns 
out from here that the silica gel for ion conductors of this invention is extremely excellent 
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in thermal stability. 
[0030] 

In addition, the chemical shift of Q4 peak and the value of Q4/Q3 can perform solid-state 
Si-NMR measurement using the approach of mentioning later in explanation of an 
example, and can compute it based on the result. Moreover, analysis (decision of a peak 
location) of measurement data is performed by the approach the waveform-separation 
analysis which used for example, the gauss function divides and extracts each peak. 
[0031] 

The silica gel of this invention for ion conductors can manufacture by the approach of both 
including the hydrolysis and the condensation process which forms a silica hydrogel 
through the condensation process which condenses the silica hydrosol which was obtained 
with the hydrolysis process which hydrolyzes a silicon alkoxide unlike the conventional 
sol-gel method, and the physical-properties accommodation process of obtaining the silica 
gel of the physical-properties range of desired by carrying out hydrothermal processing, 
without riping a silica hydrogel following on hydrolysis and the condensation process 
concerned. 
[0032] 

Although Tori who has the low-grade alkyl group of the carbon numbers 1-4, such as 
trimethoxysilane, a tetramethoxy silane, triethoxysilane, a tetra-ethoxy silane, 
tetra-propoxysilane, and tetra-butoxysilane, tetra-alkoxysilane, or those oligomer is 
mentioned as a silicon alkoxide used as a raw material of the silica gel for ion conductors of 
this invention, they are a tetramethoxy silane, tetra-ethoxy silanes, and those oligomer 
preferably. Since distillation can refine the above silicon alkoxide easily, it is suitable as a 
raw material of the silica gel of a high grade. Especially the total content of the metal 
impurity in a silicon alkoxide usually has 10 ppm or less desirable also in 100 ppm or less 
30 more ppm or less 50 ppm or less. The content of these metal impurities can be measured 
by the same approach as the measuring method of the impurity content in common silica 
gel. 
[0033] 

hydrolysis of a silicon alkoxide " one mol of silicon alkoxides - receiving - usually - 
2-20-mol 3-10 mols are preferably performed especially using 4-8-mol water. The hydrogel 
and alcohol of a silica generate by hydrolysis of a silicon alkoxide. Although this hydrolysis 
reaction is about 100 degrees C from a room temperature, it is maintaining the liquid 
phase under pressurization, and is usually possible also for carrying out at higher 
temperature. Moreover, at the time of hydrolysis, solvents, such as water and alcohols with 
compatibility, may be added if needed. Although an organic solvent mixable to the lower 
alcohol of carbon numbers 1-3, dimethylformamide, dimethyl sulfoxide, an acetone, a 
tetrahydrofuran, methyl SERORUBU, ethyl SERORUBU, a methyl ethyl ketone, and 
other water and arbitration can specifically be used for arbitration, what does not show 
strong acidity or basicity especially is desirable from the reason which can generate a 
uniform silica hydrogel. 
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[0034] 

When not using these solvents, for manufacture of the silica gel for ion conductors of this 
invention, the agitating speed in the case of hydrolysis is important especially. That is, 
since liquids are separated in early stages, the water for a silicon alkoxide and hydrolysis 
is emulsion-ized by stirring, and promotes a reaction. 30 or more rpm of agitating speed in 
this case is usually 50 or more rpm preferably. In not satisfying these conditions, it 
becomes difficult to obtain the silica gel for ion conductors of this invention. In addition, 
after alcohol generates by hydrolysis, liquid turns into homogeneity liquid and generation 
of heat is settled, it is desirable to stop stirring, in order to make a uniform hydrogel form. 
[0035] 

The silica gel which has the crystal structure is in the inclination which becomes scarce at 
underwater thermal stability, and when a silicon alkoxide is hydrolyzed under existence of 
templates, such as a surfactant used for forming pore into gel, gel includes the crystal 
structure easily. Therefore, as for an amount to the extent that the function as a template 
is demonstrated under the nonexistence of templates, such as a surfactant, (i.e., these), in 
this invention, hydrolyzing is desirable under the conditions not existing. 
[0036] 

Since time amount until it gels depending on reaction temperature in a reaction mixture 
presentation (class [ of silicon alkoxide ] and mole ratio with water) list differs, reaction 
time is not generally ******( e d). In addition, the system of reaction can be made to promote 
hydrolysis by adding an acid, alkali, salts, etc. as a catalyst. However, since use of this 
additive will cause aging of the generated hydrogel so that it may mention later, it is not so 
desirable in manufacture of the silica gel for ion conductors of this invention. 
[0037] 

Although a silicon alkoxide hydrolyzes and silicate generates at the hydrolysis reaction of 
the above-mentioned silicon alkoxide, the condensation reaction of this silicate occurs 
succeedingly, the viscosity of reaction mixture rises, and finally it gels, and becomes a 
silica hydrogel. It is important to perform hydrothermal processing immediately, without 
riping substantially so that the hardness of the hydrogel of the silica generated by the 
above-mentioned hydrolysis may not rise in order to manufacture the silica gel for ion 
conductors of this invention. Although the hydrogel of a weak silica will generate if a 
silicon alkoxide is hydrolyzed, it cannot be made to be able to ripe or dry, hydrothermal 
processing cannot be further performed to this, and silica gel of the physical-properties 
range specified by this invention cannot be manufactured by the conventional approach of 
using as the silica gel which was stabilized in this hydrogel and by which the pore property 
was finally controlled. 
[0038] 

Without riping substantially the hydrogel of the silica generated by hydrolysis which exists 
above, performing hydrothermal processing immediately means making it present the next 
hydrothermal processing, while the weak condition immediately after the hydrogel of a 
silica generates had been maintained. In order that adding an acid, alkali, salts, etc. to the 



10/24 



Japanese Publication number : 2004*002114 A 



hydrolysis system of reaction of a silicon alkoxide, making temperature of this hydrolysis 
reaction severe too much, etc. may advance aging of a hydrogel, it is not desirable. 
Moreover, in rinsing in the after treatment after hydrolysis, desiccation, neglect, etc., 
neither temperature nor time amount should be spent beyond the need. 
[0039] 

It can refer to the degree of hardness of a hydrogel as a means to check the aging condition 
of a hydrogel concretely. That is, breaking stress can usually obtain still more preferably 
preferably 3 or less MPas of 6 or less MPas of silica gels of the physical-properties range 
specified by this invention by carrying out hydrothermal processing of the hydrogel of the 
soft condition of 2 or less MPas. Moreover, since the breaking stress of a hydrogel increases 
with time amount, a degree of hardness may not be surveyed in a real activity, but 
preliminary experiment may investigate the time amount in which hydrothermal 
processing implementation is possible, and hydrothermal processing may be carried out in 
the range within the time amount. 
[0040] 

Although any of a liquid and a gas are sufficient as the condition of water and it may be 
diluted by a solvent and other gases as conditions for this hydrothermal processing, the 
water of a liquid is used preferably, the hydrogel of a silica receiving - usually - more 
than 0.1 weight twice - desirable - more than 0.5 weight twice - especially - desirable - 
more than 1 weight twice - usually - less than [ 10 weight twice ] - desirable - less than 
[ 5 weight twice ] - It usually carries out preferably for 10 or less hours for 100 or less 
hours for 1 hour or more usually preferably [ 50 degrees C or more 250 degrees C or less 
are usually 200 degrees C or less in temperature preferably usually preferably / add twice / 
3 weight / as many water as this especially preferably, consider as the shape of a slurry, 
and / 40 degrees C or more, and / for 0.1 hours or more ]. Lower alcohol, a methanol, 
ethanol, propanol, dimethylformamide (DMF), dimethyl sulfoxide (DMSO), other organic 
solvents, etc. may be contained in the water used for hydrothermal processing. Moreover, 
also in the case of the ingredient which made silica gel form on bases, such as a particle, a 
substrate, or tubing, the shape of film, and in the shape of a layer, this hydrothermal art is 
applied in order to make a membrane reactor etc. In addition, although it is also possible to 
perform hydrothermal processing by temperature condition modification continuously 
using the reactor of a hydrolysis reaction, since optimum conditions usually differ at a 
hydrolysis reaction and subsequent hydrothermal processing, generally it is difficult [ it ] 
to obtain the silica gel for ion conductors of this invention by this approach. 
[0041] 

When temperature is made high in the above hydrothermal processing conditions, there is 
an inclination for the pole diameter of the silica gel obtained and pore volume to become 
large. As hydrothermal processing temperature, it is desirable that it is the 100-degree-C 
or more range of 200 degrees C or less. Moreover, once the specific surface area of the silica 
gel obtained with the processing time reaches the maximum, it tends to decrease gently. 
Although it is necessary to choose conditions suitably according to a desired 
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physical-properties value based on the above inclination, since it is the purpose to which 
the physical properties of silica gel are changed, as for hydrothermal processing, 
considering as a high temperature service is usually more desirable than the reaction 
condition of the aforementioned hydrolysis. 
[0042] 

If the temperature of hydrothermal processing and time amount are set up outside the 
above-mentioned range, it will become difficult to obtain the silica gel for ion conductors of 
this invention. For example, if the temperature of hydrothermal processing is too high, the 
pole diameter of silica gel and pore volume will become large too much, and pore 
distribution will also spread. On the contrary, if the temperature of hydrothermal 
processing is too low, the silica gel to generate has a low degree of cross linking, and it 
becomes scarce at thermal stability, and a peak will stop being discovered to pore 
distribution, and Q4/Q3 value in solid-state Si-NMR mentioned above will become 
extremely small. 
[0043] 

In addition, if hydrothermal processing is performed in aqueous ammonia, the same 
effectiveness will be acquired at low temperature rather than the case where it carries out 
in pure water. Moreover, especially hydrophobicity will become high if hydrothermal 
processing is carried out at the comparison-elevated temperature preferably of [ 40 degrees 
C or more / usually / 250 degrees C or less ] 200 degrees C or less usually preferably 
[ although the silica gel finally obtained as compared with the case where it will process in 
pure water if hydrothermal processing is carried out in aqueous ammonia generally serves 
as hydrophobicity ] 30 degrees C or more. It is 5% or less especially preferably 10% or less 
preferably 0.005% or more especially preferably preferably as ammonia concentration of 
aqueous ammonia here 0.001% or more again. 
[0044] 

40 degrees C or more of 200 degrees C or less of silica hydrogels by which hydrothermal 
processing was carried out are usually preferably dried below 60 degrees C or more and 
120 degrees C. Especially the desiccation approach is not limited, and a batch type or 
continuous system is sufficient as it, and it can be dried also under ordinary pressure or 
reduced pressure. When the carbon content originating in the silicon alkoxide of a raw 
material is contained if needed, baking removal can usually be carried out below 400 
degrees C or more 600 degrees C. Moreover, since a surface state is controlled, it may 
calcinate at the temperature of a maximum of 900 degrees C. Furthermore, the need is 
accepted and the silica gel for ion conductors of this invention which was finally being 
made into the purpose is obtained by grinding and classifying. 
[0045] 

The configuration of the silica gel for ion conductors of this invention may be arbitrary, and 
may have the shape of a particle of the letter of crushing, or may have an indeterminate 
form and the shape of a spherical particle. If it is the particle of the letter of crushing, it 
will be preferably used by once pulverizing this, carrying out press forming to the shape of 



12/24 



Japanese Publication number : 2004*002114 A 



a tablet, or fabricating in extrusion, a pellet article, and a granular article from the field of 
the ease of handling. Even if it performs them after making them support, even if it 
performs these grinding, molding, etc. before they make an ion conductivity compound 
support, they are not cared about. 
[0046] 

It is used especially suitably [ the silica gel with which a water resisting property will be 
high and neither a crack nor powdering can take place / in / for example / on an ion 
conductor application and / although it can be used as support silica gel of an ion conductor 
with a gestalt as it is when the indeterminate form of the diameter of direct and a large 
drop and a spherical silica gel particle are obtained / the electrolyte of a fuel cell / easily 
while in use under high electrochemical potential since the service condition is severe ]. 
[0047] 

When creating an ion conductor using the silica gel for ion conductors of this invention, the 
impurity contained in silica gel, especially a metal component serve as big hindrance of 
ionic conduction. Therefore, in order to be the ion conductor which has high ionic 
conductivity, the fewer possible one of the impurity contained in silica gel, especially a 
metal component is good. 
[0048] 

It can consider as the ion conductor of this invention by making components which show 
ion conductivity to the silica gel for ion conductors of this invention, such as a compound 
and a constituent, contain. For example, it can consider as Li ion conductor by making the 
well-known compound or well-known constituents of Li ion conductivity, such as a 
polyether compound, contain. Such a Li ion conductor is preferably used as an electrolyte 
of a rechargeable battery like Li rechargeable battery. Moreover, it can consider as a 
proton conductor by making the silica gel for ion conductors of this invention contain the 
well-known compound or well-known constituent of various proton conductivity 
conventionally. Such a proton conductor is preferably used as an electrolyte of a fuel cell. 
[0049] 

As an approach of making ion conductivity compound or constituent mentioned above to 
the silica gel for ion conductors of this invention containing, if it is the technique of the 
ability to make ion conductivity above-mentioned compound or above-mentioned 
constituent contain in silica gel by the close mixed state, such as making it support in silica 
gel pore etc., there is especially no limit, and it can choose and use various well-known 
technique. 
[0050] 

Specifically, ion conductivity compound or constituent made into the purpose is first 
introduced into the pore of silica gel. the sinking-in method < adsorption (absorption) well 
known as a method of supporting the various compounds to a solid-state as the approach, 
for example -■ law and a pore filling (pore-filling) - law and "incipientwetness" - law and 
evaporation to dryness (evaporation to dryness) - law and a spray (spray) - > and settling 
< coprecipitation (coprecipitation) - law and deposition (precipitation) - law and kneading 
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(kneading) - >, such as law, and the ion exchange (ion exchange) - any of well-known 
approaches, such as law, may be used. [ such as law, ] After introducing ion conductivity 
compound or constituent, the crosslinking reaction between an ion conductivity compound 
and silica gel can be promoted by calcinating at 200-400 degrees C if needed. Moreover, as 
long as it is required, after making an ion conductivity compound support, chemical 
treatments, such as oxidation and reduction, may be performed, and the chemistry 
condition of an ion conductivity compound may be changed. Especially when using solid 
acid, such as an inorganic oxide metallurgy group oxide, as an ion conductivity compound, 
it is made to support as a precursor, and after that, it dries, the compound of fusibility 
changed into the target oxide in hydrolysis and subsequent baking is calcinated, and it 
considers as the target oxide gestalt. 
[0051] 

As mentioned above, when making ion conductivity compound and constituent contain and 
using it as an ion conductor, compared with the conventional support silica gel, more 
precise pole diameter control is possible for the silica gel for ion conductors of this 
invention explained in full detail. Furthermore, compared with the conventional support 
silica gel, structure is homogeneous and distortion is a high grade few. Therefore, an ion 
conductor does not cause the degradation of an electrochemical device or denaturation 
which were [ physical and chemical degradation ] lifting-hard and used it. Moreover, 
physical -properties degradation of specific surface area, pore volume, etc. by crystallization 
etc. cannot take place easily over a long period of time at the time of - continuous duty, and 
a longer lasting electrochemical device can be obtained. In addition, since it is a high grade, 
the failure of the ionic migration is not carried out and the engine performance of an ion 
conductor is fully demonstrated. 
[0052] 

Moreover, compared with the conventional ion conductor, the ion conductor of this 
invention which made the silica gel for ion conductors of this invention which has an 
above-mentioned advantage contain an ion conductivity compound has large ionic 
conductivity, and it is [ the quality ] stable. Furthermore, the content of an ion conductivity 
compound or a constituent is high, for example, it excels also in engine performance, such 
as generating efficiency the case where it uses for the electrolyte of a fuel cell as a proton 
conductor, and at the time of using for the electrolyte of Li rechargeable battery as a 
lithium ion conductor. Moreover, it is hard to produce a fall and denaturation of ionic 
conductivity under a severe generation-of-electrical-energy condition which contacts a 
steam at an elevated temperature. In addition, degradation of the engine performance 
cannot take place easily over a long period of time at the time of - continuous duty, and the 
life as an electrolyte is long. 
[0053] 

The ion conductor of this invention becomes possible [ using it suitable for electrochemical 
devices, such as electrolytes, such as rechargeable batteries, such as a fuel cell and Li cell, 
and an air cell, water electrolysis, halide acid electrolysis, brine electrolysis, an oxygen 
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enricher a humidity sensor, and a gas sensor ] by constituting so that it may have desired 
ion conductivity. By the following explanation, as an example, when the ion conductor of 
this invention is constituted as a proton conductor and it uses this for the electrolyte of a 
fuel cell, the ion conductor of this invention is constituted in a list as a Li ion conductor, 
and the case where this is used for Li rechargeable battery is explained to it at a detail, 
respectively. 
[0054] 

A fuel cell is a method which oxidizes a fuel like hydrogen or a methanol electrochemically 
and takes out direct power. It can operate from ordinary temperature, high power density 
is obtained, and the solid-state polyelectrolyte form fuel cell which attracts attention 
especially recently has the description that only water and a carbon dioxide generate 
theoretically. For this reason, it has a great hope as the power source for electric vehicles, a 
stationary-type power source, a portable type (pocket type) power source, etc. with the rise 
of energy in recent years and the social request to global environment problems. 
[0055] 

The generation-of-electrical-energy principle of a fuel cell is as follows. A fuel electrode 
(anode) and two electrodes of an air pole (cathode) are contacted to both sides of the ion 
exchanger (proton conductor) of the shape of film which is an electrolyte. If fuels, such as 
hydrogen and a methanol, are supplied to a fuel electrode, a fuel will oxidize 
electrochemically and a proton and an electron will be generated. For example, in the case 
of hydrogen or a methanol, a reaction like the following formulas occurs. 
H2 -> 2H++2e - 

CH30H+ H20 > 6H++6e -+C02 

The generated proton moves [ be / it / under / ion exchanger / of the shape of film which is 
an electrolyte / (proton conductor) / passing ] to an air pole. On the other hand, an electron 
passes along an external load circuit and moves to an air pole. In an air pole, it is with a 
proton and the oxygen in air, 
02+4H++4e -> 2H20 

****** occurs and electrical energy is obtained with generation of water, therefore, the 
proton which moves in the inside of an electrolyte when a proton conductor is used as an 
electrolyte already - namely, the proton conduction used for an electrolyte - the 
magnitude (proton conductivity) of proton conductivity in the living body is the important 
property to opt for the engine performance of a fuel cell. That is, in order to use for a fuel 
cell electrolyte, proton conductivity is so desirable that it is high. 
[0056] 

In constituting a proton conductor using the silica gel for ion conductors of this invention 
and using this for the electrolyte of a fuel cell, into the pore of silica gel, a proton 
conductivity compound is made to support and it usually uses it. 
[0057] 

as the example of a proton conductivity compound - various kinds -- a well-known proton 
conductivity compound is used, for example, various kinds of sulfonic acids, such as a 
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compound, methansulfonic acid, trifluoro methansulfonic acid, and toluenesulfonic acid, 
various kinds of heteropolyacids, solid acid, and various kinds which have proton acid 
nature like the fault halogen acid like a sulfuric acid, a phosphoric acid, polyphosphoric 
acid, and perchloric acid - a well-known proton conductivity polymer is mentioned. 
[0058] 

In addition, in this specification, a heteropolyacid is a concept which contains the 
neutrality and acid salt in a free-acid list. Here, acid salt means the salt of the 
heteropolyacid (HPA) with which some of hydrogen ions were replaced by the basic cation, 
for example, an alkali-metal cation. Therefore, a free acid and its coordination type of salt 
is contained in the heteropolyacid used for manufacture of the olefin hydration catalyst of 
this invention, and an anion exists in it as amount matter of complex macromolecules in 
this salt. Typically, it is called a circumference atom including the polyvalent metal atom 
with which 2-18 oxygen combined this anion. These circumference atoms enclose 
symmetrically one piece or the neutral atom beyond it. These circumference atoms are 
usually one piece or the molybdenum beyond it, a tungsten, vanadium, niobium, a 
tantalum, and other metals, although a neutral atom is usually silicon or Lynn - the [ of 
the periodic table of an element ] - the [ an IA-VIIA group and ] - the element belonging to 
a VIII group may be included, as the ion of such an element -- the second - the beryllium of 
copper ion; bivalence Each ion of zinc, cobalt, or nickel; Trivalent boron, aluminum, Each 
ion of a gallium, iron, a cerium, an arsenic, antimony, Lynn, a bismuth, chromium, or a 
rhodium; Tetravalent silicon, Germanium, tin, titanium, a zirconium, vanadium, sulfur, a 
tellurium, Each ion of each ion of manganese, nickel, platinum, thorium, a hafnium, and a 
cerium and other Lynn of rare earth ion; 5 **, an arsenic, vanadium, and antimony; the 
iodine ion of tellurium ion [ of 6 ** ],* and 7 ** is mentioned. This heteropolyacid is known 
again as a "poly oxo-anion", a "poly oxo-meta rate", or a "metallic-oxide cluster." As typical 
anion structure, the Keggin (Keggin) structure, the Wells-DAUSON (Wells-Dawson) 
structure, and Anderson-Evans-PERUROFU (Anderson-Evans PerlofO structure (all were 
connected with the pioneering researcher of the field concerned, and were named) are 
mentioned. 
[0059] 

A heteropolyacid has the about 700 to 8500 amount of macromolecules, and may usually 
take the structure of the amount complex of two. Moreover, a heteropolyacid has 
comparatively high solubility in polar solvents, such as water and other oxygen content 
solvents. When a heteropolyacid takes the gestalt of a free acid or a salt of a certain kind, 
becoming high is known, and this solubility can be adjusted by choosing a suitable counter 
ion. The following are mentioned as a heteropolyacid which can be used as an ion 
conductivity compound of the ion conductor of this invention. 
[0060] 

A Lynn-12-tungstic acid (H3 [PW 12O40] xH20), A Lynn-12-molybdic acid (H3 [PMo 
12O40] xH20), A cay-12-tungstic acid (H4 [SiW 12040] xH20), A cay-12-tungstic-acid 
monosodium (H3Na [SiW 12O40] xH20), A cay-12-molybdic acid (H4 [SiMo 12O40] xH20), 
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A tungstophosphoric-acid potassium (K6 [P2W18062] xH20), Molybdophosphoric acid 
sodium (Na3 [PMo 12O40] xH20), A 2 Lynn-ammonium molybdate (NH4) (6 [P2Mo 
18062] xH20), Nickel-sodium tungstate (Na4 [NiW6024H6] xH20), a 2 cobalt -ammonium 
molybdate (NH4) ([Co2Mo 10O36] xH20), tungstosilicic-acid caesium hydrogen 
(Cs3H[SiW12O40l xH20), and a RIMMO rib - a blunder " a banazin san potassium (K5 
[PMoV2O40] xH20). 
[0061] 

In addition, the multiple-valued oxidation state and hydration condition of a 
heteropolyacid of having given and explained the example above are in the condition before 
giving the actual generation-of-electrical-energy conditions of the electrolyte for fuel cells 
using especially this ion conductor before infiltrating the silica gel for ion conductors of this 
invention to the last. The hydration degree of a heteropolyacid affects the acid condition of 
a proton conductor, as a result its activity. Therefore, sinking [ of a heteropolyacid ] in and 
the generation of-electrical-energy condition of a fuel cell affect the hydration condition of 
a heteropolyacid, and the oxidation state of the metal in a heteropolyacid. That is, the 
oxidation state of the metal in the hyd ration/he ter op oly acid into which silica gel was 
infiltrated changes to the bottom of the generation-of-electrical-energy condition of a fuel 
cell, and, unlike the oxidation state of the heteropolyacid before sinking in to silica gel, and 
a hydration condition, the oxidation state and hydration condition of a heteropolyacid in 
the catalyst after use are considered. 
[0062] 

On the other hand, solid acid well-known as solid acid can be used. Specifically, metallic 
oxides, such as various kinds of inorganic oxides, such as zeolites, a silica, an alumina, a 
zirconia, and a titania, and Zr, Sn, can be used. Even if these inorganic oxide metallurgy 
group oxides use water in the condition of having contained chemically or physically, also 
in the state of anhydrous, they are not cared about. Moreover, you may be two or more 
kinds of the mixed oxides and multiple oxides of an element like a silica alumina, a 
silica-zirconia, and a silica -titania. 
[0063] 

Furthermore, Cs salts, such as CsHS04, Cs2, etc. (HS04) (H2P04), Rb salts like 
Rb3H(Se04)2 and the ammonium salt like 3(NH4)H(S04)2, and the hydrogensulfates like 
K3H(S04)2 are used preferably. [ well-known as a proton conduction compound ] 
[0064] 

As a proton conductivity polymer, well-known cation-exchange-resin system ion exchange 
membrane is good. For example, the film which doped acids, such as a phosphoric acid, is 
mentioned to perfluorocarbon-sulfonic-acid mold ion exchange membranes, such as Nafion 
(Du Pont make etc.) and deflection myon film (Asahi Glass make etc.), a trifluoro styrene 
copolymer membrane type ion exchange membrane given in JP,2000-138068,A, the 
polybenzimidazole film, and the polybenzimidazole film. 
[0065] 

In addition, any one sort may be independently used for various kinds of proton 
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conductivity compounds mentioned above, or may be used for them combining two or more 
sorts. Furthermore, binders and binders, such as PTFE and PVDF, may be contained. 
Moreover, as a proton conductivity compound, polymer formation reactions, such as a 
polymerization, are performed within pore, and a proton conductivity polymer may be 
made to be supported in the pore of silica gel in the pore of the silica gel for ion conductors 
of this invention, after making the compound used as the raw material of a proton 
conductivity polymer support beforehand when using especially a proton conductivity 
polymer as a result. 
[0066] 

The electrolyte plate using the proton conductor of this invention can be used, and a fuel 
cell can be formed with constituting the electromotive section which pinched this 
electrolyte plate by the fuel electrode (anode) and the air pole (cathode). As for the 
electrolyte plate at this time, what fabricated the proton conductor of this invention in the 
configuration (the shape of a sheet [ Usually ]) used as a fuel cell is desirable. This is 
semantics that it is desirable to have the configuration holdout which is extent which can 
maintain a fixed configuration at the time of operation under assembly activity of a fuel 
cell and after an assembly. 
[0067] 

As a configuration of the electrolyte of a fuel cell, the thing of the shape of the shape of the 
shape of film and a film and a sheet is usually common, and such thickness is about 
0.001-20mm. In order to cast the proton conductor of this invention in a desired 
configuration as an electrolyte of a fuel cell, PTFE (polytetrafluoroethylene), a binder like 
PVDF (poly vinylidene fluoride), and a binder may be used. 
[0068] 

Moreover, even if an electrolyte does not maintain the configuration independently in itself, 
about 0.001 *20mm is not cared about with thin- film -izing or the thing which carried out 
the laminating on a base material like a fuel electrode, an air pole or carbon paper, a 
carbon cross, and a graphite plate. As a general approach at this time, well-known thin 
filnrized techniques, such as the casting method, a dipping method, and a spin coat 
method, and a coating technique can be used. PTFE, a binder like PVDF, and a binder may 
be used also in this case. 
[0069] 

Usually in the fuel electrode (anode) of a fuel cell, hydrogen and a methanol are oxidized 
electrochemically, electrode catalysts, such as platinum for making a proton and an 
electron generate, contain in it, and electrode catalysts, such as platinum for oxidizing in 
water, contain in it the proton which conducted the inside of an electrolyte from the anode 
at an air pole (cathode). Moreover, the electrical conductivity compound for current 
collection is contained in an anode and a cathode. 
[0070] 

selection of a proton conductivity compound, and proton conduction - what is necessary is 
just to define suitably the amount of support of the proton conductivity compound in the 
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inside of the body according to the application and service condition of a fuel cell 
[0071] 

Thus, since more precise pole diameter control is possible for the silica gel for ion 
conductors of this invention compared with the conventional support silica gel, when 
making a proton conductivity compound support and using it as a proton conductor, 
according to applications and service conditions, such as a fuel cell to be used, the design of 
the class of proton conductor, an amount, etc. is easy for it, and is [ quality ] stable. 
Moreover, a lot of proton conductivity compounds can be made to contain from pore volume 
being more large compared with the conventional support silica gel which has an 
equivalent pole diameter, and the effective surface area of a proton conductor also becomes 
large. Consequently, higher proton conductivity is obtained compared with the 
conventional silica gel. This means that the engine performance in which this was used, 
such as generating efficiency of a fuel cell, also improves. 
[0072] 

On the other hand, Li ion rechargeable battery is equipped with the separator which 
maintains at a non-contact condition the electrolyte ****(ed) by the positive electrode, the 
negative electrode, and a positive electrode and a negative electrode, and a positive 
electrode and a negative electrode, and is constituted. And it can divide roughly into two, 
an intrinsic polymer electrolyte and a gel electrolyte, the electrolyte, i.e., the ion conductor, 
used conventionally. 
[0073] 

**1 Intrinsic polymer electrolyte 

Having ion conductivity in the condition that polyethers (PEO, PPO, etc.) and the similar 
macromolecule of those are dissolving the alkali-metal salt was discovered, and application 
to a rechargeable battery was proposed late in the 1970s (JP,6-52671,B: horse mackerel 
ENSUNACHIONARE (France), USP4,357,401 No. official report:REETAFURANSE 
(France)). These are invention which noted absorbing the volume change of the electrode 
accompanying charge and discharge, and maintaining the electrochemical contact to an 
electrode with the plasticity which is not in an inorganic solid electrolyte. However, the ion 
conductivity in ordinary temperature was low double or more figures from 10*5 S/cm and a 
practical use cell. Polymer kinds (JP,2559822,B: YUASA CORPORATION, 
JP,6-19923,B"National Science (Taiwan)) other than polyethers, such as 
bridge-formation-izing with an activity beam of light, thin-film-izing (JP,3"73081,B: Ube 
Industries), and polyvinyl alcohol, etc. were proposed as an ion conductivity improvement 
measure till around 1990. Moreover, it applies for the patent (JP,2547816,B* Asahi 
Chemical Industry) which constructed and gave the multiple oxide positive electrode and 
the carbon negative electrode to the polymer electrolyte at this stage. Then, what hangs up 
the utilization technical problem as intrinsic polymer electrolytes, such as a potential 
window bilayer electrolyte (JP,8-222235,A: Sony) for the ion irradiation for electrode 
interfacial resistance reduction (JP,5"290613,A: Sumitomo Electric Industries) or solid 
electrolyte decomposition prevention, was seen. However, the tandem-type macromolecule 



19/24 



Japanese Publication number : 2004-002114 A 



with which many have a polyether in a side chain, the copolymer of a polyether chain and 
other monomers, A polyether by the proposal of material improvements, such as a 
polysiloxane which it has in a side chain or poly FOSUFAZEN, and a bridge formation 
object of a polyether only - as an intrinsic polymer electrolyte - coming out - there is 
nothing - coincidence -- invention as a host polymer of a gel electrolyte it is 
(JP,5-178949,A: - YUASA CORPORATION --) JP,8-7924,A: YUASA CORPORATION, 
JP,10-308239,A:Matsushita Electric Industrial, JP,ll-45725,A:SANYO Electric, etc. were 
the purposes of the improvement in ionic conductivity of an intrinsic polymer electrolyte. 
However, while adding an alumina system particle and improving reinforcement, when the 
anion of fluorine system mineral salt, such as LiPF6, sticks to an alumina particle front 
face specifically, expansion peculiar to intrinsic polymer electrolytes, such as a proposal 
(JP,9-22706,A: YUASA CORPORATION) of the organic salt instead of mineral salt, such 
as LiPF6 used with the lithium ion battery, is also seen about the proposal 
(JP,10-334731,A: Showa ****) which raises lithium ion conductivity, and an electrolyte salt. 
The intrinsic polymer electrolyte is expected as a cure against a dendrite (electrode short 
circuit by the needlelike lithium metal) of a metal lithium secondary battery. 
[0074] 

**2 Gel electrolyte 

The proposal of the gel electrolyte which makes a host polymer mostly PMMA etc. and a 
with a specific inductive capacity (JP,58-368281,B: Matsushita Electric Industrial) of four 
or more polymer (JP,61-23945,B, JP,61-23947,B: NEC) from the end of the 1970s of a 
coincidence term to the beginning of the 80s with there having been a proposal of an 
intrinsic polymer electrolyte is made. Gelation by the polymer is conceived using all as the 
means which carries out immobilizing of the organic solvent electrolytic solution for the 
cure against a liquid spill. Then, although the applications (USP No. 5,219,679 official 
report- IAISHI Laboratories (U.S.)) which make a host polymer further a bridge formation 
polysiloxane (JP,5"109310,A: ultra eel (U.S.)), such as exposure crosslinked polymer (USP 
No. 4,830,939 official report: e m ray CHIPI joint venture (U.S.)), such as PEO, and PAN, 
were made around 90, 10-4 S/cm extent of ion conductivity was inadequate for practical 
use level. The crystallinity of a macromolecule was reduced by copolymerization, invention 
which forms electrolyte liquid into high sinking in was made, and ionic conductivity of the 
copolymer [ the copolymer (JP,2853096,B: bell communique SHONZU research (U.S.)) of 
PVDF and a hexafluoro pyrene (HFP) ] (USP5,609,974: dc-battery engineering (U.S.)) of an 
AGURI roil and an allyl compound has improved to 10" 3 S/cm of practical use level in the 
mid-90s. However, while the sinking-in ratio improved, the reinforcement of a gel 
electrolyte fell, and the short circuit of the positive-electrode negative electrode by the 
manufacture process or deformation in use was an important problem. Recently, not only 
the chemical composition of a material but the proposal about the internal structure of gels, 
such as a stratified polymer alloy, is made (JP,10 261437,A: Matsushita Electric Industrial, 
JP, 1 1- 1 1 1336,A:NEC, JP, 1 1 - 185773,A:Sony). 
[0075] 
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As mentioned above, although prevention of the short circuit between a positive electrode 
and a negative electrode and achievement of high ionic conductivity were important 
technical problems, old level was not what fully balanced. Above-mentioned **1 And **2 If 
an ion conductor is constituted by using ******** as a n ion conductivity compound or a 
constituent combining the silica gel for ion conductors of this invention and this is newly 
used as an electrolyte, since the short circuit of the electrode by invasion into the 
electrolyte of a needlelike lithium metal can be prevented without checking high ion 
conductivity with big pore volume, safety can be raised. 
[0076] 
[Example] 

It is possible for this invention not to be restrained by the following examples unless the 
summary is exceeded, and it to deform variously, and to carry out hereafter, although an 
example explains this invention to a detail further. 
[0077] 

(l) Analytical method of support silica gel 
(l-l) Pore volume, specific surface area 

the product made from can TAKUROMU - BET nitrogen adsorption isotherm was 
measured in AS l, and it asked for pore volume and specific surface area, concrete - pore 
volume - the value at the time of phase counter pressure P/P 0= 0.98 - adopting - specific 
surface area ■- P/P 0= 0.1 and 0. - it computed using the BET multipoint method from the 
nitrogen amount of adsorption of three points of 2 and 0.3. Moreover, it asked for the 
differential pore volume in a pore distribution curve and the most frequent diameter 
(Dmax) by the BJH method. Spacing of each point of the phase counter pressure to 
measure was set to 0.025. 
[0078] 

(1-2) Powder X diffraction 

It measured by making CuKalpha into a line source using the RADRB equipment by 
Rigaku Corp. It could be divergent slit 1 / 2deg, scattering slit 1 / 2deg, and light-receiving 
slit 0.15mm. 
[0079] 

(1-3) The content of a metal impurity 

Water was added and it could be 50ml, after making fluoric acid add, heat and **** in 2.5g 
of samples. ICP AEM was performed using this water solution. In addition, sodium and a 
potassium were analyzed with the frame flame method. 
[0080] 

(1-4) Solid-state Si-NMR measurement 

While using the solid-state NMR equipment made from Bruker ("MSL300"), the resonance 
frequency of 59.2MHz (7.05 teslas) and the 7mm sample tube were used, and it measured 
on condition that the CP/MAS (Cross Polarization/Magic Angle Spinning) probe. A concrete 
Measuring condition is shown in the lower table 1. 
[0081] 
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[Table 1] 



[0082] 

the analysis (decision of Q4 peak location) of measurement data - a part for a peak it 
carries out by the approach of comparatively therefore extracting each peak. Specifically, 
waveform- separation analysis which used the gauss function is performed. The wave 
processing software "GRAMS386" by the Sir MOGARA tech (Thermogalatic) company can 
be used for this analysis. 
[0083] 

(2) Manufacture and evaluation of support silica gel 
• Example 1 

lOOOg of pure water was taught to 5L separable flask (with a jacket) with which the water 
cooled condenser of atmospheric-air disconnection is attached in the upper part by glass. It 
taught it, having tetramethoxy silane 1400 bet it on this for 3 minutes, agitating by 
lOOrpm. The mole ratio of water / tetramethoxy silane is about 6. In the jacket of a 
separable flask, it let 50-degree C warm water flow. Churning was stopped, when churning 
was continued succeedingly and contents reached at the boiling point. The sol which let 
flow and generated 50-degree C warm water in the jacket was made to gel succeedingly for 
about 0.5 hours. Then, gel was taken out promptly, gel was ground through the nylon net 
producing of 600 microns of openings, and wet fine -p article s-like gel (silica hydrogel) was 
obtained. 
[0084] 

This hydrogel 450g and 450g of pure water were taught to the glass autoclave of 1L, the 
temperature up was carried out to 130 degrees C at the rate of 3 degrees C / min, it held to 
this temperature for 3 hours, and hydrothermal processing was performed. Then, it 
filtered through the No.5A filter paper, and reduced pressure drying was carried out until 
it became constant weight at 100 degrees C, without rinsing filter residue. 
[0085] 

Many physical properties of the support silica gel of an example 1 are shown in the lower 
table 2. The peak by the side of the low include angle by periodic structure was not 
accepted in a powder X diffraction Fig. In addition, the high impurity concentration of the 
silica gel for ion conductors of an example 1 is sodium 0.2ppm, potassium O.lppm, and 
calcium 0.2ppm, and other metal impurities were not detected. Moreover, the value delta 
of a chemical shift of Q4 peak of solid-state Si-NMR turned into a value (value which exists 
in a minus side) smaller than the value calculated by the left part {0.0705x(Dmax)- 110.36} 
of a formula (I) mentioned above. 
[0086] 

- Underwater heat instability test 

pure water was added to the support silica gel samples of 20g of each of an example 1 and 
the example 1 of a comparison, and 40% of the weight of the slurry was prepared 
respectively. In the micro bomb with a volume of 60ml made from stainless steel, slurry 
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about 40ml prepared above was put in respectively, and was sealed, and it was immersed 
for three days all over the 280**1 -degree C oil bath. An extract and filtration recovered 
silica gel from the micro bomb for a part of slurry. The vacuum drying of the obtained silica 
gel was carried out at 100 degrees C for 5 hours. The result of having measured specific 
surface area about the silica gel after desiccation is shown in the lower table 2. It is judged 
that the support silica gel of an example 1 has little reduction in specific surface area, and 
it is more stable. 
[0087] 
[Table 2] 

[0088] 

(3) Manufacture of an ion conductor 

It is possible to manufacture an ion conductor by making the silica gel of the 
above-mentioned example 1 support various kinds of ion conductivity compounds 
explained in full detail previously using various kinds of approaches similarly explained in 
full detail previously. 
[0089] 

Here, the example of the manufacturing method of the proton conductor which made the 
phosphoric acid which is a proton conductivity compound support as an ion conductivity 
compound is explained concretely. 
[0090] 

The silica gel of an example 1 was further classified by the screen, and 6-30micrometer 
silica gel was obtained. This silica gel is moved on a funnel, after being immersed in 85% of 
phosphoric-acid water solution for 24 hours, and the liquid end of the phosphoric- acid 
water solution is carried out completely. The proton conductor which made the silica gel 
which classified the silica gel of the above-mentioned example 1 in 6*30 micrometers 
support a phosphoric acid was prepared by performing desiccation processing to it among a 
nitrogen air current, spending 20 hours on this at 80 degrees C. 
[0091] 

- The example 1 of a comparison 

In the example 1, silica gel was prepared like the example 1 except having not performed 
hydrothermal processing for a hydronalium silica gel particle at 150 degrees C for 3 hours. 
The 6-30-micrometer silica gel particle was obtained by classifying the obtained silica gel 
particle by the screen. Let this be the silica gel of the example 1 of a comparison. The 
proton conductor which made the phosphoric acid as well as the silica gel (6-30-micrometer 
silica gel) of an example 1 support the silica gel of this example 1 of a comparison was 
prepared. 
[0092] 

(4) Proton conductometry 

By inserting the proton conductor obtained in the example 1 and the example 1 of a 
comparison into the stainless steel electrode which gold-plated, the eel for evaluation was 
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produced and the proton conductivity in 40 degrees C, 80 degrees C, 100 degrees C, and 
120 degrees C was measured under the desiccation-among thermostat condition using the 
alternating current impedance method (50Hz ■ 5MHz of test frequencies). The obtained 
result is shown in the lower table 3. 
[0093] 
[Table 3] 

[0094] 

Like the above result, the direction of the proton conductor which made the phosphoric 
acid support showed high proton conductivity to the silica gel of an example 1 also in which 
temperature. It is clear that higher generating efficiency is acquired from this compared 
with the example 1 of a comparison when the proton conductor of an example 1 is used as 
an electrolyte of a fuel cell. 
[0095] 

[Effect of the Invention] 

Since the silica gel for ion conductors of this invention can control physical properties, such 
as a pole diameter, to a precision, when an ion conductivity compound is made to contain 
and it is used as an ion conductor, the materials design for obtaining high ion conductivity 
is easy for it, and it can obtain the ion conductor by which quality was stabilized. Moreover, 
since there are very few impurities acting as [ are high grades and ] the failure of ionic 
conduction while it is possible to make sufficient quantity of an ion conductivity compound 
contain, since pore volume is large, while having higher ionic conductivity, the long ion 
conductor of a life is obtained that degradation of the engine performance cannot take 
place easily. 
[0096] 

If a proton conductor is especially constituted using the silica gel for ion conductors of this 
invention, it can use for electrolytes, such as a fuel cell, preferably. The fuel cell obtained 
by this turns [ engine performance, such as generating efficiency, ] high up, and the life is 
also extended. 
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(I) <D £ 2! (-0. 0705X (D ma x ) - l 10. 36) KS^tlffl^nSlJ; 
9fc.#3:L<tt0. 0 5 % Jtt ± /h £ ^ ffi T* & 0 , M K » £ L < ti 0 . 1 % , W fc » * L 

< a o . i 5 % w ± « « -e as * . am, ->u*y;i/©Q ( tr - * <o a /j% m it . - 1 1 

3 p pmT*3o5 ( 
[ 0 0 2 8 ] 

*»w©Y*yfif#fli5/ij*y^tf#t«, s n fc iw^tt ^> if 7j<ttt , _h t e <d «? ft #i si 
^yAy^ii^t^osas^ttgfoi^ftfiiSShn^tf, ±e©«ft*js«K: 

<D tS * x ltifti«ltt^i*tt*^I?nstOi:#A5h5. ft ft , Q 3 JW T 

© tr - * « . s i - o © * v hM it © # t> fc sbi rb & to z> fc #> , y * y )V © m s§ « ft m 

[ 0 0 2 9 3 

± 12 © # « k m m l t , * gg © -r * > e # # m > v ±> y ;w* , i*s i-nmrisk 

i5Q 4 /Q 3 OttiC; 111. -3tt±, f T?t 1 . 5«l?fe5Ci:Jifi!|L^ ( C C 

■p » Q 4 / q 3 offltB, ±m l rc is v ti y >i (d m v & l m & CD - O S i 3 fl «s 

B-LfcS i ( Q 3 ) !C»t5-0 S i #4 fl *£ L tz S i (Q 4 ) itfcfcUfefS. 

* fg b;i © ^ * > fi # # ffl ~> y # y ;W4 , ^gsttttiferinn^i: 

[ 0 0 3 0 ] 

ft 43 N Q 4 fc? - * © 7r = ts fU is y h R tf Q 4 / Q 3 © ffl It , $ZMm<Qi$lWlc *3^T 
S#i£*fflVTHfl:S i - NMR»£«ffft^ % ^ © ijg Hie g -3 (AT IffitSCttfT'l 
5. * 1t ^ SO 5£ 7 s - * © ft? «f (e-^fiiOSJ) tt , 0! * « % tf^XISBKfcflefflLfcS 

»^iift?*ff#fcj;o, fflL-catfj-rs^a-efrfts. 

[ 0 0 3 1 ] 

*»«o^t^eii«!ffli/';*y;m, * © y ;i> - y ;u ?* 1 1± m ft o > ^ u n > t ^ n 

*S/H*in*»ft¥ , r**o*»ft¥XSfc«fc:S6tife'>y*tKn!/7l/*tt^-r5Ji8^xe 

k a y /i/ * j£ jsg -r s ip 7 j< # ft? • tt^nt, mwwajkti-m • i^iicsi 

[ 0 0 3 2 ] 

*8WO-l'tv£i«cffl5";*y;l/OIfii: LT«iSn4i"J 3y7;^ + -> F £ IT 

« , hynt->'>7>, f h 7 ^ h * ■> ■> 7 h 'J I h ^ 7 fF7lh + -> 

f h7yn#+->->7>, fh77h*->->7>f <OKil!il ~4<OiS»7 , ;mr 
t5 F 'J X (4 r h ^ 7 ;b ^ -> i/ => > °K (4 ^ tx e. <D * V rf v — ^ ^ e, n Z> 
, !if$L<tifh7^ h + ^i/^V, f h7Xh^i/->7>Stff n^O^ 'J Jv-f$ 

5 c W±©J/ij3y7;l/n*i/Ktt3t9K,fci)SaK»«Lff5 0-!?, K »& ft © f U tj y 

0 0 p pmKT, *T-fe5 0ppmHT, MEIU O p pm£(T, ^KlOppmJ^Ttf 

6 £ ffl V Ji & V X* % % * 
[ 0 0 3 3 ] 

V 3 > r ;l/ n ^ F © AD 7k # ft? f4 , ~> U 3 y 7 ;1/ 3 ^ -> F 1 t ;Kc L t , I^2~2 
0^e;l/, »f L < (4 3 ~ 1 O^e;!/, 1ttc<ff^L<{i4~8 ; E;l'C0 7j<^:Mi/^TfTft-9 < , U 
3 > T Jl 3 + v- F <D tU 7k ^ ft? ic J; t> > > V t> <D t F n y ;l/ T Jl 3 — ;l/ £ ^ fig f § o C 
0»P7j<^ft?S^«, ii » , IIA^l OOttSffeS^, AaJETT'?Sffl^*tit-r§ci: 
r- % iOI^iSSt'lT^a c tt,BJit'$5o $ fc , ijp 7k ^ ft? b# tc a & S fS c T , 7j< 
tiStt<ofe§7;l'3-/i.sso^!S^^ADLTt i^o iftwtli, J^*lfti~3cDfgii 

7 n — ;l/ S , i? t< ^ ;l/ * jV A 7 5 F , ->*^f ;1/X;ht + F , 7 -fe F y , Fa 



JP 2004-21 14 A 2004. 1.8 



•7 ^ y . *m-ku>l7 x x^-;l/-trn;l/7* x * f- ,i x ^ ;l >r F > % *©fl&©jj<i:ttStKS 
[ 0 0 3 4 ] 

WKin*»»©i»©a»jaa^asi-e*4. -r * t> % , -> y 3 > 7 ;i/ 3 * ~> f t ap ?j< # ft? 

ffl CD zk t± (i ^ L T t/ , > ^1 16 s ffljf ic«t 0iv;^>* 3 XtL, E£*fl3l?'&«. 

C(D^oa^iifi(iIS3 0 r p m W ± , !fSl<li50 r pm«l7$5. #r £ & ft 

, Jn*#JWfcJ:&7;l/3-/btf£j*LT*tfi£-M^*»K »H«<iRiioft«lctt t ^ - 10 

[ 0 0 3 5 ] 

€ a « >§ * w -r % *> y a y a . 7kfS»*«ttfcsu<**«ifttefeo, y ;i/ 4> k m n * 

&<Dtem^&ti&Rmm&m^<OT>7ls - h 0&&TT*i/ V =i>7 \** 
fip ?k to ft? f i> £ > y;l/ttS»k:ISJi«IJfi*^tyt>oi:**o fi£ o T , * fg W ic ^ r « , 
ftMr£&mm<D7- y ? is- b <D1E&&T ? , IP "6 > cnBtff y^u-H:LTOi«* 
SUfr^ScDati^SL^V^ftT-r 5 , *P 7k # ft? * ?T ft ? C U\ 
[ 0 0 3 6 ] 

K J& B# ra t± , S JS ffi ffi fig (->'J3>7^3 + ^FC1I^, 7]< £: © * ;l/Jt ) M tHc K )S iS 
gtctt#L, y/HttSST'CHPlJb'lftSOT', t±#t5£2 txftv^o ft ti , £ j£ & 20 

tc ft* & i: l t , s$ , 7 >\s * y , jaa^^taiio-rscfcTtinzic^w^ffiji^-a-siifc^-i? 

# 3 o L*a*A^, »f^*iSfti*Ofiefflf4, & r S <fc 5 &e . illftt H a y ;b © ^ 
£D#i:L<ft^ 0 

[ 0 0 3 7 ] 

± IS © -> y 3 > 7 ^ 3 + F © *P zk # ft? K fS T & . ~> y 3 > 7 ;b 3 ^ zs K *P 7j< # Iff L T 
y y - F fig 5 5l£88^TKS'y'5r-h©tt^KJS#jBc»), S)SI«ftStf 

± # l , « s&t w te v A/ it l r y * t k a y ;i/ 1: ft 5 . *«^©-r*^ei»fltffl'>y*y 

;I/*«5ft-rs^*tctt, ± 13 © fto 7k # ft? K. <fe 0 £ fig L f "J * © fc K n y ;l/ © 2 # ± 
L ft ^ <fc 5 lc . HK«KJ»jjg-rsti:ft<. il ^ fc 7k M S ^ ?t ft ? c £ ■ g "C 5 & i> 0 30 
y n y 7 fV 3 * *s F % *P 7j< to m T 3 i: , 4K 11 ft y # © fc Foy;l/^4St5tf> C © 

» 14 © m ffli s ti fc i/ y * y i: -r s * © ^ ?4 r* u , *»WT?«^-rs«9tt*BH©s/y * 
y/i/S«at«c i: ^ -e * ft <^ = 

[ 0 0 3 8 ] 

±mic&Z>. jta7k#IWfcJ:t>£j*LfcS"J*©fc Kny;l/*S!«ttlcl!liStSC i: ft < > 

a 7i< m m m * f=f ft a tv^a c t it . ~> y * © t Kny^^tiLftiioRaftii?* 

*^ m W ■£ ti fc * $ T . *0*J»fflit«t«J:5 Kt«i:^3ci:%Ii*t5. -> y 3 > 

7 ;i/ 3 ^ -s k © ap tK to ft? £ £ ^ ic m > 7 /i/ 1> y , « s m * ^ *p f 3 c t , x a k *n * » » 

SJiS©?SiS ; &ja6b<LjS€?)Ctftt*a. tKay;l/©JKua*3iff«-e:*feii>»*U<ft 40 
v. Sfc *n*#ft?«©»*&gf«:*jtts*ift. tttt. ttBftHtcis^T, £ifi«±Kffl* 

PJ * A" 1 a 5 ^ ^ T* « ft V> o 
[ 0 0 3 9 ] 

Ct*-e*5. HP-fe. « * J6 * , If 6MP a£(T> L < tt 3 M P a K"f> IK» 

i L< li 2 M P aJ-XT©*5»^v^»l©fc K a y )l> * 7k SO- S "T S C i: X- , * » ^ S 3£ 
-r*»tt«H©->y*y;I/*»*cfc*<T*-5 0 * ft > fcKny;l/©»**S*««rlBt« 

tcii^-ri.©T*, n ft mi k ^ v t a is ^ * n m •& r , ^M*«i»c«tt)*j»*aasisfiBiftia 

[ 0 0 4 0 ] 50 
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CO*»»lO*ffl:LTI4, «f*©^f n?t,J:<, & ^ ftS © M <* 

KioTfUJnt^tU^tf, #SL.<tt»{*©*#ffitoft*. s/ U * © K K p y ;l/ 
I^LT, a f 0 . lliSai, # S: L < tt 0 . 5 « ft fg JW ± , 13 K # S L < tt 1 li 

<sjw±, ami oiiettT, »si<tt5iie«T« »fci(f*L<ti3a«fls©7k* 

iD*T77'J-«k L, il « 4 0 1C JW ± s »SL<fi5 0*CJM±, If 2 5 Ot«T, » 
IL<« 2 0 0 tttTOigIf, HO. 1 mm&L±. »*L<{ilB#F^ti± % Igi 0 
oairi«T« » * L < tt l OifBttT^ftShi. 7j< ift ffi a fc fl! ffl * ft 3 7k tt (g ft 7 ;l/ 
n — x^7-;l/, 7° a ^ / - ;l/ Jf> x •>'^f;l/*;bi»7 5 K (DM F) 

s> * ^ ;b x # * f ( d m s o ) , * © fte © m m m m a if # # * ft r t, * ^ . $ & , 

^>75>U7^?-*fc*«r{tSl^r*, U * y ;l/ M tt £ ^ tt B tt £ tt ? , II, =£ 
W±SfcH©g#±K:jgj£S-efc#|*©ii^f;:fe, c©7j<^^ail737*tiiaffl^n?)o & *5 
. ta 7k ft m S & © 5 JS §1 £ ffl W RttTffl0^#£eK«fc97kJ»*aa*fTft3cfc 1 S>RrflE 

7*5*^ ad 7k «• ft? s js t * © ft © 7j< & to a t -e tt a nf x m m & & w m * o t ^ § re & » 

CO^ftT*^iO-l't>ei9ftffli"J *y;^f 5C £: tt — 02 W tc 16 L V> . 
[ 0 0 4 1 ] 

«±©7j<«ij!!ii^ttic*5^tsi %s< t§ »6n*s/y*y;i/©ffl?Ls, n tl s si 

& Sffi|S]#&5o 7k M a iB g £: Ltti, 1 0 0 tw±2 0 Ot«TOilT*;& 

s c £ # # s l v> . s fc, a a b# n i: 1 1> k % f# e. n § u * y ;i/ © j± ^ ® si « , - s ® 
* ic a l & 8k a^^KM^-raiaiRi^feSo jw ± © a frj ^ si $ * t , m a © » ft ffi k j& 
c t ztf. th m an a it , 3/u*y;i/©i*tt%s{i:«H*-aBw 

*©T?, am. MEoiD7jc»)j|(OSjS*ttJ:»)»a*fti:t«i:t*'jfSL^ 0 

[ 0 0 4 2 ] 

*k & *a a © s a , B$p^^r±i5®H^(c^s-r§i:, *»w©-f*>esK*ffl->y*y^* 

f#Scfc^H»i:*«o ®l * tt\ *»ffl.a©ia§E**l«i-ffSi:, S"J*y>l/©IBI?L1I. ffl 
JLgi*Uf <«; , 9tf, £ ft , i?L»ttit^5„ % it: „ 7k^*!ia©SS*Mfiji^5i: 

. ft fig t % -> y ti y /i/ u > m m m # « < > «sssil2l<4!), «e?L»^ctr-^^a 

ILft<4ofeD, flfl 3$ L H (* S i-NMRlC&tt^Q,, / Q 3 fit # ffi 4$ tc /Jn £ < & o 
[ 0 0 4 3 ] 

^*3, 7ki&&a£7> ; e^T7k4 5 -lHT&9i:, « * * R * "5 « ^ «fc 0 t. fi ST? Rl * © » 

s^i^tis. $ , t >t-T 7k * T-7j< sitoa-r § ss67kfT-toa-r-5«^i;jtf5L 

T , «»WK»5nsS/U *y KBRzkttfc^S*^ If 3 OtKi, » $ L < tt 

4 0°CJW±> If 2 5 OtKT, »l L<tt2 0 0 °C WTfci^Jt $5 WHSf 7k Mlt 
ftlzM7kfe-tfTS<%:Z>o C C T © 7 > •=& r. 7 7k © T > ^ x T M g f: L T tt , <if$L 
< tt 0 . 0 0 1 % \X ± > «P (C » S L < tt 0 . 0 0 5 % JW ± , S , » $ L < tt 1 0 % U T 
> W » $ L < tt 5 % J-X T Tf & * o 
[ 0 0 4 4 ] 

7k m m a * n ft > u * t k a y ;i» « , a w 4 0 t: jk ± , 2 0 0 °c w t , ssKaecc 

W±, 1 2 OtttTTRjitS. ^iS^ffitt^tcPiS^n^ t, ©T'tt^: < , ^ -y ^^.V t 
->y n > r ;l/ n ^ F fc i * S ^ *^ # * ft T i/^ « m tt , af4 0 0 °c ± 6 0 

KBWfcLTv»fe*«w©^*>e»*ffl'>y*y/i/*»So 

[ 0 0 4 5 ] 

*^^©-r^->e»#ffl>'y*y7i/©^«ttffiiKT'$.t», ®^«©&?«i?fe-pT i £>, 7p 

£«*9«Ott?«7*9T6IV\ lK^«©*!i?T*fefttt, JR»^OSlttOl*>6, 

v^fcA/Cft*«t»»L, so « y x fig m l fc t> , n m & , ^uvhsh, ia « a t « 
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[0046] 

# $ bs v & 5 it 46 ic s m ?j< it tfi & < « m * tc sj n *p m it # & c k> n y * y /i/ # > *# 
w is £ ffl e. n & o 

[ 0 0 4 7 ] 
[ 0 0 4 8 ] 

*a*o-i'*>e##ffls/>j*y;i/K, ^*>e*tt*jsrfb^ifc^*ii«*&«f<0js#*# 
iSiioisfitLtifSKffl^sn*, $ % <o ^ * > & m& m ~> v ±> ? )i» 

[ 0 0 4 9 ] 

■tf 3 7? ?£ i: LTIi, ±E©^*i'£Wte©{b^ttiXttf^ia*S'yaY;l/i|ffl?L*fcffl*&;£ 
[ 0 0 5 0 ] 

^ & w fc t± v s -r % ^y^y^oiio^^fcBWfc-rs-f^veaieoft^iftxttiijaift* 

l^tiS<li (absorpt i on) j£ , tfTy <{ V >■? (pore-f i 1 1 i 
n g ) ?£ , "inc ipientwetness"?£, Mf§§£@(evaporat io 
n to dryness)?*, X/l/- (spray) >, ttSS<fttt (cop 

recipi tat ion)?*, ifcW (preci pi tat ion) ?S, J^^Ckne 
ad i ng) ?£^>, V 35 J£ (i on exchange) ?£&££>^ft|cD;6"?£<D{5J 

hSffl^TUi\ -<*>£#te©{fc^«BXttffljSto*i»ALfc», ^StlSDt 2 0 0 
~4 o Ott-ISti: t fc «fc 0, ^^>ei6(!)lk^lti"JAy;i/toF^c!)^iS)S 

$? ft ^ ii 7C ^ © ft ^ ® II * f7 4 W •4'*>e«Ht{t^ftOffc^«||*Xft«-&Tt,a«/'>. 
[ 0 0 5 1 ] 

& ± , »3SLfe*»WO-i'*>'es»«fflS/y*y;l't4, ^*:/<2«14©{bi^- , e>liS/jg^S: 

4 ?L m m w rt m v & z . ik, t£*<Dffi#^y#y;wctt^T«ji#i3fi^s##^ 

fcttMfb^tt-T^W x © 14 &g {ft T ^ I? 14 * ffl < c £ tffcw. ft»3 • MMfflBfK t 

ttafbiSKisitasifai^iBifLsassoifttts&fb^fic t> $t < , .tofij&flKDwsiib^w 

[ 0 0 5 2 ] 
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o 

[ 0 0 5 3 ] 

i£j?iM§§, sury^, # x -t > ^ « ©msut * -r x ic ft m ic m m r % 
*c st -r a o 

[ 0 0 5 4 ] 
[ 0 0 5 5 ] 

W {* ) © 1? ® fc: jK S « (77 - K ) tSIi ( * y - k ) ©^oomsfcfttts-es,, £ 
H 2 -»2H + + 2e~ 

CH 3 OH + H z O -* 6H + + 6 e ~ +C0 2 

^SLfc/P FVIi, 1IST^5I«<9^ =t > 3* & (ynhyfilfl;) * £ il o T £ 30 
O z + 4H + + 4 e ~ -> 2H 2 0 

© S JS # c t) , * © £ £ « « M x * ;|,^ - 2>M# £ n 3 <, fiE o T , 7° n h 

[ 0 0 5 6 ] 
[ 0 0 5 7 ] 

b >mmmt'£VtKDm<*m£ lt it, &m&to<D7a b zs&m&it&vatfm^znz 

>»e**ifS{fc£ft, £ > X ;l/ * > & , h^/Kn^^yx;!/*^^ h ;1/ x > x 

» # v v - # m if z n % o 

[ 0 0 5 8 ] 
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cct*. mam tit. **-r*>o»oj^*«iasi4*f-*>, m * is t a* a u & 
lAftyTi^xe.nfe'NfD^ijii (hpa) oi^iftts. ft o x . * s bj © 

©JB2iK?iiifflXtt*n«±©*i&iR?*ttfl!ttK:3Si9Htf., S5®ffli^?«ii^, 1 « 
© & js r- & s „ t^Hf ait, -rig x a y > r* & a , jciii©jg»i^©M§iA~vi 

I AlRy^V I I I iKIt4Si*dA/-p^Tt>fi^. CHf;SliO^^>iLt 
tis 09*tf, f ; zdo^'J 'J ^A, 3/^1/ hX(i-7-!r;KDS-<ty 

; = fa © * »> jr , 7 ^ ^ x a , # y -j? a , y a > t jst , zv^-^e^, y >■ , tr 

XVX, ^DAXliDj?i)iO§^*y ; Hlo^r^f , y ;b v x <> A , ^ , ^ £ > , 5? 

x?a, -by^A©#-r^>, Rtf*©fl&©si±sn'3i->:£«©y:/, t*, * + 

„ i^S'vfn^ySBSft, "#'J* + V7-tV" , " V * *V * * Is — h " X 
"&«BHt»*7**-" t LtfijetlSo fta«47-tVliii: LT, ^ ^ > (Ke 
gg i n) *J x;l/X - ?V y > (We 1 1 s-Dawson) ig , 7 > ^ — V > 

- X :r > X - ^ ;l/ n 7 (Ande r son-Evans-Per 1 o f f) 3g (Mn 

[ 0 0 5 9 ] 

'\rn^iJ|IJi| 1 ffll A 7 0 0 — 8 5 o oggoss^^a^^rL, -a§g^co«jg^r 
S5i^U5, £ . ^^a#yift{±*^*©ffi©ift3R-&^r»««S©fiitt}S«»cJt«W 

[ 0 0 6 0 ] 

V y - 1 2 - ^ > if >m ( H 3 [PW, 2 O, 0 ] xH 2 0), V > - 1 2 - * V 7 
7?>M ( H 3 [PMo 12 O 40 ]xH 2 O),'W-12-*>^X-r>'gE(H 4 [ S 
i W , 2 0 4 o ] xH 2 O) . W - 1 2-?y^Xf VltytF^L (H 3 Na [ 
SiW 12 O 40 ] xH 2 0),^f'-12-^y^7 :f >^(H 4 [SiMoi 2 O 40 

] xh 2 o), y>^>^x-r>as*y»>A(K 6 [p 2 w 18 o 62 ] xh 2 o), y 

yt'J^f Vithy)i» (Na 3 [ P M o , 2 0 4 0 ] xH 2 0) , Z'J>-tU7f 
>t7yt-^A ( ( N H 4 ) 6 [P 2 Mo, 8 O e 2 ] xH 2 0) , X y ;U - * > ^ 
X^>®?^hy-i7A (Na 4 [N iW 6 0 2 4 H 6 ] xH 2 0) , ~ n )l> h - ^ V 7 t 
>WL7 y * -V U ( (N H 4 ) [Co 2 Mo, o 0 3 6 ] xH 2 O) , -W£>^X-r> 
m -fe 5/ ? A 7j< m ( C s 3 H [ S i W , 2 O 4 o ] x H 2 O ) , U > * V 7 K *J V A 
»A'Jf i» (K 5 [PMoV 2 O 40 ]xH 2 O)o 
[ 0 0 6 1 ] 

&*5, ±KS#0»J*¥tf TI&0J§ LfCNf n #y »©£flfi»ffctt!»;&tf *5fd#«Sf4, & < 3: 

?t*%i?o-i'*>eiftffl>"j ay/nc-g-iis-ti-saa, it fc ^ ^ 5 -y * > e # ^ ffl i/> 
fc*m«»ffl«»«©iiiK©5S«*#£tt-rM©tt!rR"ea6s. *\r- n # y & © zk a g « . 

ynh>ei»f*©»tt«||, tH/"»Tfcl:*-©}£ttfc:ie»*#*.S. <fc T , 'N -r n sK y K © 

»n:ie**#*.So ip^ % ~> y # ^ ;wc ^ « $ ^ tc 7j< & / ^ ^ a # y ®? 4> © £ g © & {i: # 

ftg f4 , ffl * tf ffijS » fK m © ft m %l ft T tc *s v> r £ fk L , ttffl»©tt«te*Jtt3'\f i njtfytt 
OH<t««RRtf*fttt««, ^y*y/U^Od»WO^T-a#y»©»fb«!BRtfzklP« 

[ 0 0 6 2 ] 
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, */ U * , 7 Jl/ 5 , 5? 71/ 3 - 7 > f ^^J^O&lOiSHtft^, Zr. S n H © £ 

A-y^a;?. i/'JA-f ?r.7f ©J;^, -fflSJ-X±©7EiilC>!g£-^{btl J f>ia£-gJ 
[ 0 0 6 3 ] 

IK. 7"n h >Eifb^?*t Ltl^fO. C s H S O 4 . Cs 2 (HS0 4 ) (H 2 PO 
tilOCsIl^, R b 3 H (Se0 4 ) 2 Oi^jR b«H, ( N H 4 ) 3 H (SO 
4 ) 2 0) & O ZS -V K^m. K 3 H ( S O 4 ) 2 £>£5&^®?7j<ij|iS3Ik$?g;L< 10 

[ 0 0 6 4 ] 

ly^^iVli'f^VjJSg, Nr H 2 0 0 0 - 1 3 8 0 6 8 # & « IB « © h 'J 7;b*n 
X U > 3 jtf 'J v - JK §U -Y * > £ & it > # y ^ > X -Y S V 

y K-7LfcM«#^ if 

[ 0 0 6 5 ] 

*ffl*^btTffi^tt|l\ ICPTF E, PVDFl£©/W>**- J £>/&x£iW#$3:n 20 

m ^ s « k « , *»w©>r*>'e»{*:ffl'>y*y;i/oiffl?Lrtte, 7"n hygitt^u-? 

* * v , JSSt Lt->'J *y;l/Offl?LrtK^n hyfiilt^'Jv- ^S#2tiS<fc9tc 
[ 0 0 6 6 ] 

i: £ M ffi ( fs V - K ) fc-Pt*8fLfcie«ffl5**lJ8-r.5«:fcT? s ifitiSSSitii: ttf 
[ 0 0 6 7 ] 

9 > Ctl^Of^ (± 0 . 0 0 1-2 Ommggf fe§„ *^i«7°n h , M 

mvmvnmut isTmsKDjevucfjtm-r zittbK. ptfe t^yf i<77/^pif 

^ P V D F Cxi;5»V7^*5Y K) Oin/Wy^-^SSJB^ffill 

T & fit to & V" 1 o 
[ 0 0 6 8 ] 

£7c, DSSA^nit, H!T'?0)g«*l# < T t>, l^ffi^SMS, XliA- 40 

# > — ;<i — „ * — * > ^ n X . ^777^ FfiOJ;^i5»*iC0. 0 0 1 ~ 2 0 m 

ttXf^y^S, f*^ y tf > yffi , X > 3- h S « ft 8 AS, 3-T" 

-fyy-'Sltftit'ffS. COi^t, PTF E^PVDFOi^J/Uy^-JfS^S] 

[ 0 0 6 9 ] 

« , 7/ - K^e>«ft?a4'^e«Lfc:7'o h ft *«fci&©e&*gsfl!>«fi«»# 

tt?tl5. * fc, 7 7 - K , *y-KlCtt, IR « © ft & © . *$K£»teft-&ft#^**l 50 
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5o 

[ 0 0 7 0 ] 

■/a h >&m&it'£Va<OM9l J p-7u h X£.m i* <P fc *s if 3 7 a h>£j9l4{k£1$3©fi#M 
[ 0 0 7 1 ] 

cosmic, l^s^o^^-^glftffli/yAy/K^ ^*ofi»>"j*y;i/^Jt^T«toffi 
^ ft *i ft S ftj SP oj £g r* & 3 © T > fa h>g^14{t^^)^S^^-y:T7°n h > •£ * ft £: 

ol#J"J*y;H.:lt'<T«l?LSi* ? J:0**^(:fc*6, J:t)^i^/a h > » 1£ {k 
tSe*©S/U*'y;bfi:it'<T«J:0BIf7 r nh>gjiJtf[^#6ti5o COCfctt, C n £ 
[ 0 0 7 2 ] 

-7?. l i * > -ymmiz . mmt. n.mt, iEmRzfM.micmntEtifcmmnt, je 

[ 0 0 7 3 ] 

*'Ji-f;l/ (PEO, PPO, ft if ) *5<tt>*^©«fKi§;^?^, T;I/*y*il**H» 
LT^5«»"tf'ftyfiItt*ftiCttfai?n, 1 9 7 0 *ft**ICI*«»'\<0 
iiffl^If ?4aft (#1^ 6 - 5 2 6 7 l : T X-mr-f- ]s ( 7 ^ > X) , 

USP4, 3 57, 401^fii:Ux^77>t (77>X) ) „ Ctl^(i, iSitt 

mMmic £ -d r , ft&micw ? nM<ofcm& <t* i&w.lt mm t (d mis.it 

¥«»»%«J$t« Cfctf gbfe»flf*5„ Lfr L, f st-oYtyeittii 1 o- 
5 S / c m i: , H ffl « Hfe £ « 2 fir _k fg o fc: 0 I 9 9 0*iSf, -Y*>£iS14<0|R] 
lltLt, JS143l£*Rte«fc«3K«ffcfc»flil<k («i v f 3 - 7 3 0 8 H»ii*:*»Ri) 
, #'JU-*7*3-;l/ft20#>JI-f*ttno#yT-l (#lf 2 5 5 9 8 2 2 
$g:n.7-9-n — U — is 3 > . ii v T6-l 9 9 2 3 §Si : t->3t;l/t^i>X ( 

w ) ) * if *^ * 3R « n . $ fc , c <d b# $5 tc it , # y - « ft? k k £■ & ft w m m *j «t a* 

KJR&SfcJB^ftfc-SfcMpW ( «f «= 2 5 4 7 8 1 6^1^fB : MfkSlI) fcH H £ ft T V 
%o fOl, *ffil?ffiJa6iWi^Ofei60'f*VfS» dfiif 5 - 2 9 0 6 1 3 : ft 

£tMll) $5^1^ B&^8¥H#ft¥B&it<E>fci&©ttft£!-Jim8¥S C#|f 8-2 2 

2 2 3 5 9»*:y--) ft if , n&tfv?-nmn£LT<D&m<tmmzmfzt><Di> 
i^nto I, ^ < « , ^'jx-f/^ffliicstsiia^f^ * y x - 7- )\y m t 

fflo^yT-^o^I^ft, # 'J .x - -r £ fill m ic mt -5 # 'J fn + D-^XlM?^^ 

Ttaft<, H B# fc y ;b * ft? H <D * X h # y V — tLT<5^1f$!3 ((fUfS-l 78 
9 4 9 ^4ii : a7*3-#U-i'3y. »M¥ 8 - 7 9 2 4 l^Tltn-jtfb— > 3 > 
> »MT 1 0 - 3 0 8 2 3 9 f fi« : IKTtffil*, 1#HB¥ 1 l- 4 5 7 2 5 ^i^:E 

# *« , ft if ) , KttjKyv-*j»H©'r*veaiitiRi±©awea&ofe„ l l , 7 ;b 
- * > # 7 )\> x -r i&m ic & mm icwm -r s c t ic <t y , y^-^i»-Y*>e*fi*iRi± 

* * S « !6 (IfBfl 0-3 3 4 7 3 1 ^§ & $8 : BS fO M I ) » $ % tiSilCO^t, 
U^fAYtVtifiTfflV^nt^SL i PF 6 ft if © *Rt ^ ig T* «: ft < , «ilOj§| ( 
#F^ :s F9-2 2 7 0 6#^^:n7-yn-^l^-^3>) £ £ s H ft # 'J - « ft? H If 

t^giii^n^o itt^'jT-Mas, ^wy^^A-^aiteo^vK^-rh ( «• 

[ 0 0 7 4 ] 
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A 2 V y frn&n 

x tt # y ^-tisio a^^^o it © 4: s m^mco 1 9 7 o¥«*^5 8 0 *p as *j bb k 

frtt T > PMMA^f 5 8 - 3 6 8 2 8 1 f 1^ : t , fcb R « $ 

4 « ± © # D - (^^BS6 1 -2 3 9 4 5 ^§ ^ IS x 4$ £ BB 6 1 - 2 3 9 4 7*§^$B : B 

© T* * * . * © f* » 9 O^MlfC P E 0*f©,i|f5?S^ij?- (USP4, 830, 
9 3 9 tl v Si :xAl'Tftf-->*3^>h^>ft - (*i) ) £ , PAN* if (USP 
5, 2 1 9, 6 7 9 ^4» v « : -r-7-ff-5#7 HJ-X (#B) ) , ?6C««#iJ-> 
u*Vy ( W HI ¥ 5 - 1 09 3 1 0 ^ $8 : >>;l/h^-b;l/ ( * H ) ) S*Xh*'J?-i: 
T 3 HJ US # ft £ n fc x i' * V £ * 14 1 0-4 S/cmgat*SfflU^;Hi:ii>F + »T? 
* -3 . 9 O^^^lfC P V D F t'\*t7;UD tf l/> (HFP) © « fi ^ f* ( t# §f 2 
8 5 3 0 9 6^^^:^ ^nSa-^-v'HVX 1 J V — T ( * H ) ) . D^;l/t7 
(U S P 5, 609, 9 7 4 :;i7f'J-iy-;-7'J>^ ) 5: 

^ty£ia(i^fflU^;K?) 1 0-3 S/cm(C|pI±Ltf fco Lfr L> # » J± 35 [r] ± 

tflIilT*oft. * ifi , «MOfb^iHfigcD**e,-r. |«#ij7-7D^4fc\ 
ff)rtSl5iilKIt«ggtJ nt^5 ( BB ¥ 1 0-2 6 1 4 3 7*§£rfB : ft T « §§ It 
, W M ¥ 1 1-1 1 1 3 3 6 fi^ : B*tt, 1# BB ¥ 1 I - I 8 5 7 7 3 9fii : yz 

[ 0 0 7 5 ] 

teifctfi, d ft £ T' © U ^ ;P It + ft IC M -7 ^ X $ n fz t> © T* fct ft *•> -p fc . ±ISA 1 TStf 

y^ii^^btti'tyeift^i^L, cn^«ffc(c«j8Htbrfflv>ntf, *#ft 

IfL§«Ci 0lilWt>ej|tt?:iaSt§i: fc ft < , Sf«U^^A^SO««?HF«3^<D 
[ 0 0 7 6 3 

[ * tt 0>J ] 

t © m m m tc m m 2 ft s & © t- a ft < , Ltusstsi: Riif 

[ 0 0 7 7 ] 

( 1 ) a*i"J*y;HO»«r»ft 
( 1 - 1 ) «?L&8L i±SE« 
*>^^n-A?±iaA S - 1 T B E T gift® * 9 lU *g * ffl £ L , JfflTL^fit, Jt M « % 

SP/Po = 0. 1. 0. 2. 0. 3(0 3^©lig®f lit) B E T ^^S^M^TIW 
bfc 0 $fc, B J HSt*l?l»*ft^S[ffIIl (D ma x ) fc*»5-*«»»?LSa* 

**rco »j^-r*ffi»EEoa-^©iH««o. o 2 5 ttfc 0 

[ 0 0 7 8 3 

(1-2) S^XlBlf 
iflfflttSR AD-R BgI*fflV\ CuKa*«HfcLTWjg*ffft^fc. $?ftfcXU 
y h 1 / 2 d e g , lax'J-n H/2 d e g, S«^'Jf F0. 1 5ramtLft. 

[ 0 0 7 9 3 

(1-3) &/S¥;&^©^:&B 
K *4 2 . 5 g IC 7 v tU K Z mm L . tiZm 2 ■& <D % s 7k * 1)Q z. T 5 0 m \ £ L tc * C 
© 7k & £ ffl I C P f§ ft # flr £ ?t ft o fc „ ft *5 , •^MJ^A&tf^U^AfctyU'-A 

[ 0 0 8 0 3 
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(1 - 4) SttS i - NMR$J5£ 

B r u k e rttllttNMRgi ( r M S L3 OOJ ) Zmftt&tt&lC, # f« ® & gfc 
59. 2MHz (7. 05r-X-5^ 7 m m <D V y ~f >\, ^ - ? * ^ ffl L , CP /MAS 

(Cross Polarization/Magic Angle Spinning 
) 7 a - 7 <D & ft V m £ L fc o H W W & $J 5£ & ft * T © * 1 ^ 0 

[ 0 0 8 1 ] 

im i ] 

311 S i - NMRClS^ft 



S £ f% <7) [hI IS £fc 


5 0 0 0 r p m 




<s 0 0 0 0 H z 




4 0 9 6 


0 p p m<D&t$ 




2 (- 9 . 6 6 p p m) 






4 0 o # 




10 0Hz (&&, 7— UxSS&PfK 








5 0kHz 



[ 0 0 8 2 ] 

ffl!l£-r- * (DBffi (Q 4 ti, e-^^fiJtcjcoT^lf-^^affi-r^ 

73 J* T* ?t * 5 o * # W fc « s *^XBa»*ffifflLfc»Jg»B»«T*fTa5. COfjffKtt 
, -9" — * ** -y -r v ? (The rmoga 1 a t i c) *il!iOiSMiV7h TGRAMS 
3 8 6J %ifflt^C t^T-f 5„ 
[ 0 0 8 3 ] 

( 2 ) fi«C'>U*y;l/0»ifi&tfg¥fii5 
• Hfifc0>J 1 

±Si5t^:^CM«[0 7)c^ni/7 ? >-9-*^t)^^Tfe5 5 L-t^^7*;l/7^xn 
t^y httt) K 4 M*l 0 0 0 g*ftaA,ff. 1 0 0 r pm7«JtL4tf6, Ctx 
fC^h-7^h^~>~>v>l 4 00 g*3«-|B*M*Ttti&A,7£. 7j</f h*>->7> 

© ;l/ Jt tt #J 6 v 0> S o -fe 5 r ;l/ 7 5 x n © * y y h ic a 5 o °c <d is * * a 7j< L o 

3i*«#ati¥*«.au, asm* a* en 3 l fcwjs-e, S£#*ffitLfc„ §i*is#tto 

. 5^0, *J * T y b IC 5 0 °C <D igzk il 7k L T ± j£ L 7c £ y /I, <t 2 7c . * © % , 
ai »c y ;U % ^ t) fcb L , g M # 6 0 0 5i 7 u > <D ^ u 1/ MM* m I, T 7 )V * & I, , 
Sft^Ofi'^y* ( U A k K o y ;l/ ) %mtc 0 
[ 0 0 8 4 ] 

C <0 fc K n y /V 4 5 0 g tM;J< 4 5 0 gt?l L©jtf9XH*-h^b-^fcttii*, 3 
X: / m i n © a ft T? 1 3 OtST-ffigL, ra»ftK3I^IIB««fLT7jcJ»ffla*fT38:ofco 
ZcDfe, No. 5 AiftfSS L, J«j$?r7j<gE-rSC^JS:< 1 0 0 iCflikft? $ T?» 
E K )ft L Tc „ 
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[ 0 0 8 5 ] 

O^Sfi^ljaatix-thU^AO. 2pp rai ijiJHO. 1 p p m , # ~> A 0 . 2p 
p m T? , J tOffi<0*M : T ; tt«»f4«a*tl3S:3^o/£o £ > H <* S i - NMROQ 4 fcT — * 
oy2*;l'i/7h©f «tt, ifl i$ L fe -S (I) © £ i2 {-0. 0 7 0 5 X ( D m a x ) - 

i 10. 3 6} Ttt*£ft§ffi«fc9fc/hS*fit(«fc9v^^x«fc#fiE-rsffi) tte^tc 

o 

C 0 0 8 6 ] 

Slffii i atfJtRfl) i ofi**>y*y;Hifi#« 2 o gt, ft * * an * r 4 o s ft % <o x 

I»LfcX7'J-^ 4 Om 1 ^r&^AnTSBiifL, 2 8 0 ± 1 t Y * I; 3 BPI 

iSLfco 5 *n*y^*>6X5'J-0-»*H!HlL, & iS fc «fc 9 ~> U * V )\> * HI JR L Tc 
o i6hfti"J*y;l/4] 00tT5»HI4ftllLfe, SitO s > 'J * y ;Hc o t it 

s ffi * * iij l it m m * t <d m. 2 ic m •? „ ot*i"j*y;ni, j± * m <o m & 

ft '> % < , <fc OStLT^S £: fU ISr £ tx ■?> 0 
[ 0 0 8 7 ] 
[«t 2 ] 

SI 2 ffl#-> U *y;KOM«!tt 





*J6« 1 


jt*Hm 1 


«»iSgD in , x <nm) 


4 . 2 


3 . 0 


D x . <ls fr*tfS«»«IL«EM (ml/g) 


8 . 0 


1 . 0 


itHEfS (m 2 /g) 


8 2 2 


7 3 2 


*g«ffl?L$« <m 1 /g) 


0 . 7 7 


0 . 3 4 


D m)< ±2oxo«i«ro«?i©sitfc (%) 


6 3 


1 8 


Q J /Q 3 


1 . 7 


1 . 6 


Q 4 tf-^y 2 t!Jl->-7 h S (ppm) 


-111. 17 


-110. 48 


-0. 0705X (D milx ) -110. 36 (ppm) 


-110. 64 


-110. 57 


^ES^SE^J ©"a (ppm) 


0 . 1 


0 . 1 




5 4 


3 0 



[ 0 0 8 8 ] 

(3)1- * > mmtevmm 

± ib <d m m m 1 <o v t> y >v ic % 5tK:»siLfe#a©-r*>eiiittfb^w*» n u < ic 

TJ65„ 
[ 0 0 8 9 ] 
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[ 0 0 9 0 ] 

^flSffll©->»J*y;b£Mfc!S-T?#Sl8LT, 6-3 0 (t m © ! J * y^^ff /io C © i/ V 

£ #j o f s „ cncajisfliaKfso'CT, 2os#itg;&frttTS£j&a&s%ss-rc:£fc:j: 
o . ± le © * m m i o->'j *y;^6~3 o m m ic # « l ft ^ y * y tc y > n # g £ 

[ 0 0 9 1 ] 

H Sfc 09 1 IC £> V> T , KDS"J*y;Htf * 1 5 0 °C T* 3 mffiTkmi&m* ft %: t> ft 

ft « n m m i fcra«fc->y*y;i/©w«%fr-3fc. ft e. ft fe ~> y * y ;i/ & ^? * g$ -e # & 

5 o C It i$ ®l 1 0->'J HfiS fiRI 1 O ^ y * y ;l/ (6-3 O /imO->U 

H « lc , 'J vl*i»S*ft^n h yg»(t*lHLft, 
[ 0 0 9 2 ] 

(4) /Ph>e*gis 

mm m 1 i: it $5 0IJ 1 TM# fc 7 n h > g i» # ;£ , &X-y**ffiLfcXx:'UXMfc:tttrc. 
tKiOfflfflt^^ffHl/, 3^iSS-C>tr-y>xa (I^@SS50Hz-5MHz) 
*fflV-C\fifi«*<eiS*f*Tte, 4 0 °C , 8 0 °C , 1 0 0 °C , l 2 OtiCfcl^rn h 
> & m * % ill 5£ L o ft 6 ft fc li £ £ T O £ 3 \n ijk f . 

[ 0 0 9 3 ] 

[35 3 ] 

^3 ^Dh>es^©yph>e«g 





401: 


80t 


loot: 


1 2 0 *c 


fttfctt 1 


2 . 3 x i 0 - - 


2 . 3 X 1 0 " 2 


2 . 8X1 0"- 


8 . 2 X 1 0 


Jt«« 1 


1. 6X10 - 8 3. 5X10-* 


3 . 5 X 1 0 " 3 


9 . 3 X 1 0 " 3 



: S / c m) 



[ 0 0 9 4 ] 

wioesoiH, ^ st wi 1 <£> > y * y ?v ic y m * s & <* tz y a v >&m&<Djs& 

, <5IftcD?U«fcfcl.^TfcS5V>7 p ah>e«S^:^Lfc 0 ^afr^ * SB flfl 1 © y n h 

[ 0 0 9 5 ] 
[58b^cd^jS] 

^ss^o-f^^csisftcffl 5/ mn&m <d vs ic mm v % % <o v , << * > 
*>&mmzm? %> 1 1 & k , t$ ^ © # ft # e c oi<f^ogiwt>ei«:*Mi6n 

[ 0 0 9 6 ] 

iff;:, *Sii<o^^>£f*ffl->^y*/i/^ffl^t/n h>gn*%^{£tntf, 88 *4 « 
oisisciffs Kffl^sct^T-ts,, cftKcfcoTf#e>ft/c:$8;i3«?<&ii, ^mm 
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